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CHAPTER-1.1 

Inventory Model with Weibull Distribution Deterioration, Constant 

Demand and Shortages 

Sandeep Kumar Chaudhary1, Dr. Bharat V.P.S. Rawat2 

1Associate Professor, Department of Mathematics, JB Institute of Technology, Dehradun 248197 (UK) INDIA. 

E-mail:- drsandeep.chaudhary@jbitdoon.edu.in 
2Associate Professor, Department of Mechanical Engineering, JB Institute of Technology, Dehradun, 248197 

(UK) INDIA 

ABSTRACT- In this paper, we develop an order level inventory model with Weibull distribution 

deterioration and stock-level demand under shortages. Holding cost is taken as exponential time 

dependent. Mathematical model is established for finding optimal total cost. Numerical examples are 

presented to validate the proposed model. Sensitivity analysis is given for the validation of several key 

parameters. The second order approximations are used for exponential terms.  

Keywords: - Inventory, Weibull distribution, Deterioration, Time dependent, Stock-dependent. 

INTRODUCTION 

The deterioration of items is real problem in many industries those manufacturing goods for 

public use. Therefore, it is one of many crucial issues that the supply chain organizers are 

facing in the past decades. The main aim of inventory management to keep items fresh till 

these are placed on customers’ hand. Most of the item’s loss their masses throughout lifetime 

due to deteriorations, spoilage and several other causes. Thus, it is important to consider the 

effect of deteriorations in most of inventory systems. For example, products like fruits, green 

vegetables etc suffer from direct decay during shortage. Hence deteriorations are the realistic 

feature for inventory system. Covert and Philip (1973) discussed an inventory model for 

deteriorating items elaborated by the Weibull distribution and without shortage. Misra (1975) 

established an EOQ model with a Weibull distribution rate for the perishable items. Dave and 

patel (1981) considered an inventory model for deteriorating items with time induced 

demand. Wu (1998) presented a model for deteriorating item under permissible decay in 

payments and shortages. Elsayed and Teresi (1983) worked on time varying demand and 

shortages induced inventory model. Taleizadeh. et al (2015) developed a vendor managed 

inventory model for a two-level supply chain comprised of one vendor and several non-

competing retailers in which both the raw material and the finished products have different 

deteriorations rate. Chen and Lui (2002) pointed out a dynamic programming model for 

solving a deteriorating inventory replenishment problem with continuous time varying 

demand under inflationary conditions. Sana et al (2004) derived an EOQ model for 

deteriorating items in which the optimal number of production cycle is a linear time-varying 

demand. Lin et al (2010) established an EOQ model for deteriorating items for a two layers 

supply chains. Lodree and Uzochukwn (2008) studied deteriorating inventory modelin which 

the demand for fresh items are random variable with known probability distributions. Ghiami 

and Williams (2015) considered a single manufacturer multi-buyer model for a deteriorating 

item with finite production rate. Several concern research papers to deteriorating products can 

mailto:drsandeep.chaudhary@jbitdoon.edu.in
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be found in Bakker et al (2012), Atici et al (2013), Dye et al (2007), goyal and Giri (2003), 

Chang et al (2010), Yang et al (2010), Sarkar et al (2013), Tripathi et al (2016), Tripathi 

(2012, 2014). 

It is observed that the proper amount of stock is a major concern for research. The first 

research article published by Leveis et al (1972) for stock dependent demand. Goyal and 

Chang (2009) delt with an ordering transfer inventory model to determine the retailer’s 

optimal order quantity and the number of transfers per order from the warehouse to the 

display area. Baker and Urban (1988) considered an inventory model for a power form. Stock 

dependent demand pattern. Ray and Chaudhari (1997) established a model with inventory 

induced demand and shortages. Jiangtao, et al (2014) presented a multi-items inventory 

model for perishable items when the demand rates of the items are stock-dependent, two level 

trade credit is adopted and the restriction of inventory capacity is also considered. Soni 

(2013) presented an EOQ model considered (i) the demand rate as multivariate functions of 

price and level of inventory & (ii) delay in payments are permissible. Min et al (2010) 

considered a lot-sizing model for deteriorating items with current-stock dependent demand 

delay in payments. There are some interesting research papers on stock dependent such as 

Teng et al (2011), Yang (2014), Hwang and Hahn (2000), Ray (2008), Pando et al (2012), 

Tripathi (2013), Shukla et al (2015), Tripathi and uniyal (2014) and references therein. 

The aim of this work is to obtain minimum total cost with respect to cycle time. The 

remaining part of the work is as given below: Notation and assumptions are discussed in 

section 2 followed by mathematical model. Numerical examples are illustrated in section 4 

followed by sensitivity analysis. Conclusion and future research are provided in section 6.  

ASSUMPTION & NOTATIONS 

The following notations are adopted in the  

Notations 

I(t) : Positive inventory level at time t. 

t1 : The time at which the inventory level reaches to zero 

T : The time at which shortage accure. 

C4 : Per order constant ordering cost. 

s : Shortage cost per unit & per unit time. 

C3 : Unit cost of an item. 

A : Shortage during t1< t < T. 

Q1 : Maximum positive inventory 

R : Maximum Negative inventory 

P : Order quantity during [0, T]                 

We adopted following assumptions. 

Assumptions 
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• The lead time is taken as zero. 

• h is holding cost/unit 

• D{I1(t)} =  γ  + δ I1 (t)  

• θ (t) = α β tβ – 1 : the two parameter Weibull distribution deterioration rate. Where  

0 ≤ α<< 1 is the scale parameter; β > 0 is the shape parameter.   

• Shortages are allowed.  

INVENTORY LEVEL 

 

 

           Q 

 

 

 

 

 

 

 

 

 

t1 

0                                                                                                      Time 

                                                                 T      

 

 

 

 

MATHEMATICAL MODEL 

Now the rate of change of inventory depends on deterioration and demand. The differential 

equations of the state at time [0, T] are given by: 

0 < t <t1                                                                                                                 (1) 

 

We use initial and boundary condition as I1 (t1) = I2(t1) = 0 and I1 (0) = Q1.        (2) 

And                                                                                              t1< t < T                              (3)        

The solution of eqns.(1)& (3) are given by 
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Now maximum positive inventory is 

                                                                                                                                               (6) 

Now the holding cost                                                                                                                                                

                                                                                                  (7) 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

(8) 

 

The maximum backorder unit:- 
 

         Q2 = - I2 (T )  =   A ( T- t1)                                                                           (9) 

Hence the order size during [ 0, T] 

        M (t)  = Q1 + Q2 

 

 (10) 

 
 

The total shortage cost during interval [t1 , T] is :- 

 

       SC  =                                                                                                                               (11) 
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Now the purchase cost is as follows:-  

PC = C3 .M (t)                       (13) 
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     (14)    

Ordering cost is taken as constant 

 OC = C4 

The total average cost is as follows:- 

  Z                                                                                                                                          (15)     

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Now to minimize the total cost Z per unit time, we obtain the optimum value of t1 and T with  

help of following equations 
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As 0.
Z
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It is difficult to find second order derivative for sufficient condition of optimality. We can 

show it by fig.-2.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Above figure is convex, which proves that the optimal total cost with respect to time t1 and T 

is minimum. That is, second derivative of 
2 2

2 2

1

d Z d Z
and

dt dT
are positive. 

NUMERICAL EXAMPLES 

The model which is proposed by us is illustrated below by given following example:- 
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For the analysis of graphical and numerical solution of the developed model, value of 

parameters is taken as proper units, When α = 0.7, β = 4, γ = 550, δ = 0.7, h = 10, s = 50,  

A = 300, C4 = 150, C3 = 10. After putting these value we get optimal solution as t1 = t1
* = 

1.14597and T = T* = 3.35888, Q = Q* = 1136.99 and Z = Z* = 18000.1. 

SENSITIVITY ANALYSIS 

Variation of γ keeping all parameters same as numerical example 

γ t1 T Q Z 

600 1.31445 3.48762 1589.36 19055.7 

650 1.26526 3.39175 1438.03 18383.4 

700 1.21625 3.29995 1304.02 17778.3 

750 1.16734 3.21215 1184.92 17240.9 

800 1.11857 3.12831 1078.0 16767.7 

Variation of  δ  keeping all parameters same as numerical example  

δ t1 T Q Z 

0.9 1.12067 3.31548 1083.21 17770.4 

1.1 1.10603 3.28425 1053.47 17608.8 

1.3 1.10093 3.26365 1043.34 17499.7 

1.5 1.10568 3.25346 1052.77 17440.2 

1.7 1.12223 3.25479 1086.44 17440.1 

Variation of  β  keeping all parameters same as numerical example   

β t1 T Q Z 

4.5 1.33421 3.57342 1655.4 19563.9 

5.0 1.30882 3.56109 1571.11 19383.4 

5.5 1.28694 3.55037 1502.52 19243.5 

6.0 1.2679 3.54099 1445.7 19133.4 

6.5 1.2512 3.5327 1397.0 19045.4 

Variation of A keeping all parameters same as numerical example 

A t1 T Q Z 

400 1.29377 3.62042 1523.54 19619.3 

500 1.4142 3.81525 1957.67 21186.0 

600 1.52762 3.97464 2500.81 22854.1 
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700 1.67438 4.81806 3463.71 24160.6 

800 1.71423 4.83803 3788.11 28443.9 

Variation of  s  keeping all parameters same as numerical example  

s t1 T Q Z 

60 1.22004 3.43368 1313.83 18466.2 

70 1.2937 3.5568 1523.33 19300.6 

80 1.35979 3.6613 1745.74 20120.9 

90 1.42143 3.75283 1988.01 20950.2 

100 1.4875 3.86803 2291.39 22012.0 

 

Variation of α keeping all parameters same as numerical example  

α t1 T Q Z 

0.2 1.36397 3.58776 1761.05 19801.3 

0.3 1.29324 3.51517 1521.9 19093.5 

0.4 1.24313 3.46267 1375.57 18666.7 

0.5 1.20434 3.4215 1271.47 18376.0 

0.6 1.17269 3.38763 1197.99 18163.3 

Variation of C4 keeping all parameters same as numerical example  

C4 t1 T Q Z 

200 1.14554 3.35613 1136.05 17985.1 

250 1.14512 3.35337 1135.14 17970.2 

300 1.14469 3.35061 1134.2 17955.2 

350 1.14427 3.34784 1133.28 17940.3 

400 1.14384 3.34507 1132.34 17925.3 

Variation of  C3  keeping all parameters same as numerical example  

C3 t1 T Q Z 

20 0.937478 2.99644 771.042 16365.4 

30 0.778539 2.72336 576.901 15478.6 

40 0.63704 2.50709 441.05 15015.2 

50 0.510366 2.33878 334.308 14901.1 

60 0.394612 2.21371 247.919 14074.2 
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Variation of h keeping all parameters same as numerical example  

h t1 T Q Z 

2 1.32807 3.65265 1634.54 19917.5 

3 1.30216 3.60965 1549.85 19596.0 

4 1.27713 3.56869 1472.92 19302.3 

5 1.25304 3.52964 1403.13 19043.3 

6 1.22988 3.49239 1339.0 18789.6 

All the above observation can be summed up as follows.  

i) If γ increases, Q slightly decrease while Z slightly decrease. 

ii) The increments of  δ will cause decrease in Q and Z. 

iii) The increase of A results, increases in Q and Z. 

iv) The increases in s, will lead increases in Q and Z. 

v)The increase in α will cause decrease in Q and Z. 

vi) The increase in C3 causes decrease in Q and Z. 

vii) The increase in holding cost results decrease in Q & Z. 

viii) The decrease in C4 leads decrease in Q and Z. 

CONCLUSION 

In real life most of the future planning’s are uncertain. Uncertainty plays an important role in 

business. In this paper we developed an inventory model for Weibull distribution 

deterioration and inventory dependent and inventory dependent demand. Holding cost is 

considered as exponential function of time. Mathematical model have been presented to find 

optimal inventory systems. The first and second order approximations have been used for 

exponential terms. The following inferences can be made for the sensitivity analysis. 

(i) The increase of α & β results insignificant change in Q and Z. 

(ii) The increase of s& h will cause apposite change in Q & Z. 

(iii) The change in C3 leads positive change in Q and Z. 

The model discussed in the research work may be generalize considering demand as 

quadratic function of time. We may also extend the model for considering shortages and 

freight changes.  
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Abstract- The study sought to determine how the research students at Uttaranchal University used 

electronic resources. A questionnaire was sent to the Research Scholars to collect the needed 

information. The fifty questionnaire was sent to the Research Scholar of Uttaranchal University and 

forty completely filled were obtained. The majority of respondents are aware of the existence of e-

resources, according to the research study the results show that 28.50% of respondents exclusively 

want access to electronic versions, while 53.50% of users prefer reading physical journals. However, 

18% of respondents want to utilize electronic and printed editions both simultaneously. 18 % of those 

surveyed utilized online resources to write their papers. The study demonstrates that many respondents 

look for online resources when writing research papers. 

Keywords: Internet, email, search engines, library, user research, Uttaranchal University 

Introduction 

Due to the ease of access to many resources made possible by the use of the Internet in 

educational settings, information exchange has increased tremendously. Widespread adoption 

of this sharing has also resulted in further advantages because these resources may now be 

accessed from any location at any time. Broad changes in communication technology shaped 

the twentieth century. The most significant advancement in information technology that has 

affected scholarly communication this century is its creation and usage. Information 

processing using computers has given rise to several new goods and services. Both in terms 

of collection growth and service delivery models, libraries have seen significant 

transformations in recent years. As a result, libraries are utilizing technology to improve 

scholarly information management and speed up access to academic content that is not 

locally held. According to this report, practically all college students who have access to 

online resources opt to use them for their studies rather than going to traditional libraries. 

Cheung and Huang (2005) highlighted how the Internet can be a powerful teaching tool in 

higher education and suggested that more university instructors make their course materials 

available online. The use of electronic media to deliver information is replacing print media 

more and more (Sharma, 2009). The transition of print to multimedia, according to Ani 

(2008), "has provided users with new tools and applications for information finding and 

retrieval, aside from resulting in a rise of electronic information.". When used in conjunction 

with print-based resources in a typical library context, electronic resources are priceless 

research aids. 

According to Dadzie (2007), print-based resources in a typical library context complement 
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electronic resources as excellent research tools. Her list of benefits from them includes access 

to information that could be unavailable to the user owing to finances or location, access to 

more recent information, and availability of broad linkages to other similar sites. 

Due to the fast growth and advancement of technological information technology, it is now 

possible to think of new ways of arranging the collections and services the library has 

traditionally offered. As libraries enter a time of financial crisis in collection development, 

these new technologies offer the possibility of cost reduction and a revolution in information 

access. According to Naidu (2007), the primary benefits that draw in research researchers are 

prompt publishing and desktop accessibility. 

Peng et al. (2006) showed a correlation between perceptions of the Internet and online 

attitudes and self-efficacy in their research of university students' attitudes and self-efficacy 

towards the Internet. They demonstrated the benefit to children using the Internet as a helpful 

tool or technology. Numerous other essential studies explore the impact of the Internet and 

electronic resources on university students' self-efficacy and performance in addition to those 

that have already been mentioned (Crews & Feinberg, 2002; Wu & Tsai, 2006; Wen & Tsai, 

2006; Perry et al., 1998; Wainer et al., 2008; Odell et al., 2000; Crouch, 2001; Mohammed & 

Al-Karaki, 2008). 

E-RESOURCES FOR RESEARCHERS 

Information is represented electronically via electronic resources. They come in various 

formats, including electronic books, digital libraries, online journals and magazines, online 

instructors, and online tests. These online resources have become a source of information due 

to their efficient presentation using multimedia capabilities. Information is delivered through 

electronic resources in the form of full-text databases, electronic journals, picture collections, 

multimedia on CD, tape, the Internet, and online, among other formats. E-resources include e-

journals, e-discussion boards, e-news, data archives, online chat rooms, and email. Electronic 

information sources include a wide range of items, such as CD-ROMs, databases, mailing 

lists, and electronic magazines, all which computers may utilize and occasionally update. 

Computers and the Internet, the most efficient communication technologies, are a staple of 

modern life and are now crucial educational resources. The Internet is a highly potent 

information system because it facilitates the movement of information between many sites. 

Because it is one of the simplest, quickest, and least expensive ways to get vital information, 

people of all ages and occupations, students and academics who do scientific study and create 

projects, enjoy utilizing the Internet (Cloud, 1989). 

The question of whether the source being cited is reliable and reputable has been brought up, 

even though the Internet is a crucial resource for students. This is because, unlike the 

scientific and professional publications produced by scientific institutions, corporate world, 

and organizations known to the general public, there is no control over every specific 

information released through the Web. 

The control element consists of editors and referees and is absent from other journals and 
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books published by for-profit organizations. Anybody may submit any information to 

numerous websites on the Internet without any restrictions, and many sites that are regarded 

as credible only allow open access due to security restrictions (IP limitation, membership, 

etc.) or commercial needs. Students are deprived of these websites and have their 

accessibility restricted as a result. Database of scholarly journals, the quantity of publications 

included and the methods used to evaluate them in order to create a global academic index 

are connected to the effectiveness of Academic Journals Database. They offer a wealth of 

specialized knowledge and are seriously utilized by professors and students alike. They are 

categorized into categories based on the many disciplines and serve as crucial reference 

resources for these individuals conducting in-depth study into various subject areas. Internet 

search, search engines are the most often utilized sources for student projects since they are 

free access websites. Some of them are customized tools that provide several search engines, 

like "Copernic," while many of them have open access on Internet Explorer programmes. The 

majority of the time, students use the resources obtained through these engines to acquire the 

data they need for their projects. The information gleaned from these sources varies 

depending on the academic level of the student and the significance of the project's subject 

matter. Directly accessible resources can deliver more accurate search results for particular 

document formats, including those with the pdf, ppt, and doc extensions, by utilizing various 

criteria in the advanced search tabs. This enables the extraction of undesired resources or 

access to the information that is needed. 

Remote Education With the aid of today's cutting-edge technologies, students may access 

distance learning at any time and from any location, allowing the student and instructor to 

interact at the same or separate times without the need for physical closeness. Web-based 

training serves as the foundation for the infrastructure of remote education corporation's 

information management system's dependability and organization determine how useful and 

trustworthy the present information is. Systems for managing information should be 

adaptable, simple to comprehend, dynamic, managed, and appreciated by users. They should 

also have a culture that encourages learning. 

Associated Software Students in many academic disciplines at universities utilise a wide 

variety of software. After graduation, they are tied to a particular discipline of science or 

employed as part of the present educational curriculum. The information needed for projects 

and commercial life is included in this programme. Computer programmes are widely used 

for business, but their use for educational purposes is strictly restricted and requires a license. 

About Uttaranchal University 

Since its beginnings, Uttaranchal University has gone a long way in offering top-notch 

interdisciplinary education. Under sections 2(f) and 12(B) of the UGC Act, 1956, as well as 

by other statutory authorities of the State and the Country, Uttaranchal University has been 

granted recognition by the UGC. The National Assessment and Accreditation Council 

(NAAC) has awarded the University its top "A+ Grade" of accreditation. As the first 

University in the State of Uttarakhand to obtain an NAAC A+ grade during the initial 
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accreditation cycle, Uttaranchal University has made history. The University is now firmly 

established as one of the top 5% HEIs in the country. The university is unwavering in its 

commitment to its objective to offer the best experience to all of its students, whether 

regional, national, or worldwide, through high-quality instruction, funding for research and 

innovation, and instilling in them the meaning of the aforementioned Sanskrit Shloka: 

Review of Literature 

According to a 2005 study by Ali, 83% of the students polled said that accessing this source 

had saved them time and made their lives easier. According to two thirds of those polled, they 

would wait for the CD-ROM to become free rather than use the print tool if it was busy. 

However, a study of online scientific information searching in Delhi's science and technology 

libraries reveals that a sizable portion of users (nearly 60%) encounter a variety of issues 

when browsing electronic information, including a lack of knowledge about the resources, 

untrained staff, and subpar terminals. Studies on the usage of electronic resources by 

instructors, students, and researchers at universities and research institutions have also been 

conducted. 78% of the population of the. 

Kebede (2002) conducted a study on ICT usage in 10 public library services in Africa. 

Although most libraries had internet access, the study showed that only few were providing 

patrons with web-based information services. However, the study identifies four obstacles to 

the efficient provision of electronic resources in those libraries, including a lack of strategic 

planning, a lack of adequate or dependable funding, a lack of use of the Internet to provide 

information services to users, and a lack of consistent training for users in new ICT services. 

Ojo and Akande (2005) investigated students' access to, use of, and understanding of 

electronic information resources at the University College Hospital (UCH) Ibadan, Nigeria, 

using a survey of 350 respondents. The survey found that there is not a lot of utilization of 

electronic information resources. The inability of medical students to use electronic resources 

effectively due to a lack of information retrieval skills is a significant issue. 

Jagboro (2003) had also emphasized how users were becoming to rely on and see electronic 

resources. She discovered that 45.2% of respondents used cybercafés to access electronic 

resources in a survey she performed at different Nigerian universities. However, she claims 

that this attitude is a result of cybercafés being close to user facilities. 

Ajuwon (2003) also conducted a research on how University College Hospital, Ibadan 

students studying health sciences use ICTs. The results of this study showed that 57% of the 

sampled students were unable to operate a computer, and that poor database utilisation was 

caused by a lack of knowledge, access to computers, inadequate training, and the high cost of 

service. Since using electronic resources increases productivity in work, learning, teaching, 

and research, it is assumed in all the studies mentioned above that doing so is highly 

desirable. 
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Objectives of the Study 

1. To determine how well users are aware of the usage and benefits of the many online 

resources that are available. 

2. To determine how frequently people use e-resources. 

3. To learn about the challenges researchers, have while utilizing and accessing online 

resources. 

Research Methodology 

A systematic questionnaire was developed to gather information from e-resource users while 

keeping the aforementioned goals in mind. Numerous questions about awareness of and 

usage of electronic resources are included in the questionnaire. 50 questionnaires were given 

to the Researchers in total for this purpose. An analysis, tabulation, interpretation, and 

presentation of the data were done using the 40 valid questionnaires out of the 50. 

DataAnalysis 

A research paper's data analysis is an essential stage. It is the connection between 

unprocessed data and noteworthy findings that lead to conclusions. This analysis method 

must be goal oriented. 

Population Study 

Table1.Sexwise distribution of Respondents 

Gender No. of Respondents Percentage 

Male 25 62% 

Female 15 38% 

Total 40 100% 

 

Fig. 1 identifying the sex 

Male 
62%

Female
38%

0% 0%
Sex Wise Distribution of Respondent 
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The questionnaire's personal detail section contains data from Table 1 identifying the sex. 

Table 1 demonstrates that only 38% of the populations investigated were female, with 62% of 

the populations using the e-resources offered by the library for a variety of objectives. 

Table:2 Awareness about E-resources 

Gender Aware Not aware 

Male 21(52.50%) 4(10.00%) 

Female 13(32.50%) 2(05.00%) 

Total 34(85.00%) 6(15.00%) 

 

 

Fig. 2 displays the respondents' knowledge of e-resources, showing that 52.50 % of male 

respondents were aware of their availability, compared to 32.50 % of female respondents. 

Male respondents are more knowledgeable about online resources than female responders. 

Table: 3 Frequency of Using E-resources. 

Duration Number Percentage 

Daily 12 30% 

Weekly 19 47.5 % 

Monthly 8 20% 

Not Use 1 2.5 % 

Total 40 100% 

 

Male Female

21

13

4 2

Awareness about E- Resources 

Aware Unaware
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In response to that inquiry, how often do you use internet resources? The respondents utilized 

several types of responses (Table 4). Most respondents to the poll accessed internet resources 

every week (47.5 %) and every day (30%). 20%of respondents used internet resources just 

once a month and1 (2.5 %) of Scholar did not use E-resources. 

Table: 4 Problems Faced of Accessing E-resources 

Reason Number Percentage 

Not many E-resources available in my subject 28 70 

No assistance was provided by the information professionals 6 15 

Lack of training 6 15 

Table:5 Difficulties of Accessing E-resources 

Even though e-resources are more prevalent in the academic and research sectors, most users 

reported having trouble using them. Most respondents do not feel there are enough e-

resources available for their particular subject, followed by coverage of e-resources that are 

inappropriate for my study field, little support from information experts, and a lack of 

training. 

Conclusion 

The fast growth of ICT tools, mainly the Internet and electronic resources, has changed 

scholarly information of traditional research communication methods. In the present scenario, 

the Internet has emerged as the most potent medium for storing and retrieving information. 

The study showed that electronic resources had significantly impacted users of Uttaranchal 

University in their research and development. It is clear from the study that at present time 

the youth has accepted electronic resources, but the volume of frequent usage of e-resources 

among the users is at the optimum level. Many respondents are unaware and have not used 

online thesis/dissertations, databases, abstracts/indexes, or OPAC, which are relevant for 

research. So, the library can take the initiative to organize orientation programs and user 

awareness programs in this area. 

12

19

8
1

Frequence of Using E- Resource

Daily

Weekly
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Abstract- Cognitive Radio Network (CRN) is an extremely promising technology for future 

networks, given the limited availability of spectrum resources. CRN has the potential to utilize 

channels effectively by enabling systems to be context-aware and capable of reconfiguring 

themselves based on their surroundings, as well as their own properties such as spectrum 

availability, traffic load, congestion levels, network topology, and wireless channel propagation 

characteristics. In the realm of cognitive radio, the role of TCP assumes great significance. 

Ensuring seamless handling of communication channels by Primary Users, whether they are 

occupying or releasing them, is of utmost importance in CRN when secondary users are utilizing 

those channels. To address this challenge, effective cognitive communication between TCP and 

MAC layers is indispensable. This research paper focuses on investigating this issue in order to 

overcome the decay in TCP throughput within cognitive radio networks, ultimately aiming to 

enhance communication efficiency. 

Keywords- Cognitive Radio, TCP, MAC, Spectrum sensing, wireless communication 

INTRODUCTION 

Cognitive Radio Networks (CRNs) rely on the collaboration between the Primary User (PU) 

with licensed bands and the Secondary User (SU) with unlicensed bands to efficiently utilize 

available bandwidth. According to statistics from the Federal Communication Commission 

(FCC) [2], spectrum utilization in different geographical regions can range from 15% to 85%. 

CRNs improve bandwidth utilization by allowing SUs to utilize idle bands. SUs employ 

opportunistic spectrum access (OSA) mechanisms [3], [4], [5] to transmit data when 

spectrum opportunities arise, as long as the licensed bands are not in use by the PU. 

However, it is important to note that the PU holds the highest priority and can influence SU 

traffic by accessing or vacating its bandwidth. 

The presence of PUs sets CRNs apart from other wireless networks. Ideally, SUs should 

avoid interfering with PUs and cease transmitting data when the PU intends to use the same 

bandwidth. The main functions in CRNs include spectrum sensing, spectrum management, 

spectrum mobility, and spectrum sharing [3]. SUs create channel sensing schedules to 

identify the best available channel and manage it to minimize interference from PUs, 

following the assigned access schedule. In wireless networks, the decay of TCP throughput is 

primarily caused by environmental factors. Parameters from the MAC/PHY layer are 

communicated to the TCP layer to enhance throughput. However, it is the transmission 

behavior of TCP that plays a key role in throughput decay, rather than the MAC layer alone. 

The MAC/PHY layer information is responsible for enabling SUs to avoid interference from 

PUs. Hence, the proposed solution investigates cognitive communication between TCP and 
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MAC, utilizing CR device information in CRNs to enhance communication efficiency. 

 

Fig1. Opportunistic Spectrum Access tracks 

BACKGROUND & RELATED WORKS 

Cognitive radio 

Cognitive radio (CR) [6] is a highly promising technology in the field of communications and 

networking, addressing the issue of spectrum scarcity. In CR communication, the radio 

spectrum is utilized opportunistically, taking advantage of unused channels while primary 

users (PUs) are not actively using them. CR-enabled devices continuously monitor the radio 

environment to identify spectrum holes, which are unused channels at specific times and 

locations. These spectrum holes are utilized for communication among CR devices. 

As secondary users, CR users must monitor the used bands to detect any activity by primary 

users. When primary users appear, CR users need to take appropriate measures to avoid 

interference, such as switching to a different, unoccupied frequency band or reducing their 

transmission power. Understanding the performance of CR systems is crucial, particularly 

their impact on the performance of user applications and the overall user experience. 

Cognitive radio can be seen as a form of software-defined radio (SDR), where a cognitive 

cycle enables wireless terminals to be aware of their radio environment and adapt accordingly 

[7]. This cognitive capability allows CR devices to intelligently respond to changes in the 

spectrum availability and optimize their operations based on real-time conditions. 

TCP over Cognitive Radio networks 

TCP is considered inefficient in Cognitive Radio (CR) networks due to the following reasons 

[8]: 

Channels with variable characteristics: 

CR-enabled devices continuously monitor their radio environment to detect spectrum holes 
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for opportunistic use. However, each channel in a Cognitive Radio (CR) network can have 

varying characteristics in terms of bandwidth, loss, and delay. The nature of TCP makes it 

slow to adapt to frequent changes in bandwidth and sensitive to loss and delay, leading to 

efficiency deterioration in CR networks. 

One challenge arises from temporary disconnections due to spectrum sensing. CR devices 

alternate between sensing mode and transmission mode. During sensing mode, the devices do 

not transmit data, resulting in a sudden increase in round trip time (RTT). If TCP's 

retransmission timeout (RTO) timer TRTO is set to a value smaller than the RTT plus an 

offset (To), timeouts can occur during the spectrum sensing period. As a result, TCP sets its 

congestion window (cwnd) to 1 and reduces the slow start threshold (ssthresh) to half of its 

previous value, entering the slow-start phase. This leads to underutilization of the available 

bandwidth, as illustrated in [9]. 

Another challenge arises during spectrum handover when primary users appear. When a 

primary user becomes active on a channel, secondary users must vacate that channel and find 

an alternative channel to use. This process introduces delays and disconnections as CR 

devices transition from one channel to another. These transitions can affect TCP's 

performance, causing disruptions and reduced efficiency in utilizing available bandwidth. 

To address these challenges, research efforts are focused on developing enhanced transport 

layer protocols that are better suited for CR networks. These protocols aim to improve TCP's 

adaptability to dynamic spectrum conditions, minimize the impact of temporary 

disconnections, and optimize the handover process during primary user appearances. By 

improving TCP's responsiveness and resilience to changes in the CR environment, the 

efficiency and performance of communication in CR networks can be enhanced. 

CR MAC 

In cognitive radio (CR) networks, Medium Access Control (MAC) protocols play a crucial 

role in facilitating efficient spectrum sharing between primary users (PUs) and secondary 

users (SUs). The state-of-the-art CR MAC protocols, as outlined in [10], can be categorized 

into two major types: overlay MAC and underlay MAC. 

1. Overlay MAC: In overlay MAC, SUs opportunistically access the licensed spectrum that is 

not being used by PUs. However, SUs must vacate the spectrum when PUs return to use it. 

Overlay MAC protocols enable SUs to utilize idle spectrum bands without causing harmful 

interference to PUs. 

2. Underlay MAC: In underlay MAC, SUs are allowed to continue using the spectrum even 

when PUs are present. However, the interference caused by SUs to PUs must be carefully 

controlled and kept below predefined interference thresholds. Underlay MAC protocols 

ensure that SUs coexist with PUs while maintaining acceptable levels of interference. 

The CR MAC serves as a crucial link between the CR physical layer and the CR network 

layer, facilitating effective communication and spectrum utilization. Its functions include: 
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1. Channel Selection and Access: The CR MAC utilizes spectrum sensing information from 

the CR physical layer to assess channel availability and characteristics. It determines which 

channel to use and when to access it based on the observed spectrum availability and the 

requirements of SUs. 

2. Channel Characterization and Reporting: The CR MAC provides the CR network layer 

with information about channel characteristics, such as channel quality and occupancy. This 

information helps the network layer in making informed decisions regarding routing paths, 

channel selection for specific quality-of-service (QoS) requirements, and overall network 

optimization. 

3. Coordination and Interference Control: The CR MAC ensures coordination among SUs to 

prevent harmful interference to PUs. In overlay MAC, it enforces spectrum vacancy when 

PUs return, while in underlay MAC, it employs mechanisms to control and limit interference 

levels to maintain PU's quality of service. 

In summary, the CR MAC protocols in CR networks facilitate efficient spectrum access, 

channel selection, interference control, and coordination between the physical and network 

layers. These protocols play a critical role in optimizing spectrum utilization and enabling 

seamless coexistence between primary and secondary users in CR environments. 

In cognitive radio (CR) networks, interference control and avoidance are crucial for enabling 

spectrum sharing between primary users (PUs) and secondary users (SUs). The CR MAC 

protocols address these aspects to ensure efficient and coordinated operation: 

1. Interference Control and Avoidance for PUs: The objective is to enable SUs to share the 

spectrum with  PUs without causing harmful interference. Two modes of spectrum sharing are 

commonly used: 

a. Overlay Mode: In this mode, SUs opportunistically access the spectrum that is not being 

used by PUs. However, SUs must vacate the channel as soon as PUs return to use it. This 

ensures that PUs have priority access to their licensed spectrum. 

b. Underlay Mode: In this mode, SUs are allowed to operate in the same channel as PUs, but 

the interference caused by SUs to PUs must be controlled and kept below a predefined 

threshold. Underlay MAC protocols employ various interference management techniques, 

such as power control, adaptive modulation, and coding, to maintain acceptable interference 

levels and protect PUs' communication quality. 

2. Collision Avoidance Amongst SUs: Since multiple SUs may coexist in a CR network, 

there is a possibility of collisions if they simultaneously access the same spectrum band based 

on their spectrum-sensing results. The CR MAC protocols include mechanisms to control 

spectrum access and avoid collisions among SUs. This involves techniques such as 

contention-based access, random access protocols, or coordinated access schemes to ensure 

that SUs do not interfere with each other when accessing the spectrum. 

By addressing interference control and collision avoidance, the CR MAC protocols facilitate 
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efficient spectrum sharing among SUs while minimizing disruptions to PU communication. 

These mechanisms help in optimizing spectrum utilization, ensuring fair access, and 

maintaining overall network performance in CR networks. 

Related Work 

Since the introduction of cognitive radio (CR) by Mitola [7], significant research efforts have 

been devoted to addressing TCP-related issues in CR networks. Several solutions have been 

proposed in this field, aiming to enhance TCP performance and throughput. Here are a few 

examples: 

1. Cognitive TCP: A cognitive TCP solution, as presented in [12], suggests adapting 

MAC/PHY parameters to improve TCP throughput. This approach dynamically adjusts 

codec, modulation schemes in the physical layer, and frame size in the MAC layer to 

maximize TCP performance based on the current spectrum conditions. 

2. TCPCRAHN: TCPCRAHN [13] is a window-based, TCP-like spectrum-aware transport 

layer protocol designed specifically for CR ad-hoc networks. It takes into account different 

spectrum-specific conditions such as spectrum sensing and switching, sudden appearance of 

primary users (PUs), and movement of secondary users (SUs). By considering these factors, 

TCPCRAHN enables state-dependent recovery actions to maintain TCP performance in CR 

networks. 

These solutions focus on the influence of lower layers, such as the MAC and physical layers, 

on TCP performance. They aim to mitigate TCP throughput decay caused by varying 

bandwidth in CR environments. Specifically, the decay problem is attributed to improper 

congestion window decay during the passage of TCP flows through CR links. This decay is 

considered as a form of slight-level congestive loss for TCP. 

The research in this area aims to improve TCP performance in CR networks by addressing 

the unique challenges and characteristics of the cognitive radio environment. By considering 

the dynamic nature of the spectrum, the impact of primary users, and the mobility of 

secondary users, these solutions strive to optimize TCP throughput and enhance the overall 

efficiency of communication in CR networks. 

PROPOSED WORK 

As shown in Fig.2, the characteristics and operation of the CR-MAC protocol, which is a 

cognitive radio-based MAC protocol designed to address issues related to channel access and 

interference between primary users (PUs) and secondary users (SUs). The CR-MAC protocol 

aims to optimize bandwidth capacity and minimize packet loss for SUs while ensuring proper 

channel access for PUs. Here is a summary of the key points mentioned: 

1. Fixed MAC Super-frame Size: The secondary user has a predetermined MAC super-frame 

size and scans all channels to determine which channel to access at the beginning of each 

super-frame. 

2. Orthogonal Channels: N orthogonal channels are available for both primary and secondary 
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users to use without causing interference between each other. The secondary user can access 

multiple channels simultaneously, and the total bandwidth capacity is the aggregate of all the 

channels it uses. 

3. Acting Channels: Whenever a primary user wants to access a channel currently being used 

by a secondary user, the secondary user vacates all the channels it is utilizing to give access 

to the primary  user. 

4. Presence of Primary User Transmitter-Receiver Pair: Channels must contain at least one 

primary user transmitter-receiver pair to ensure legitimate primary user activity. 

5. MAC Layer Information: The MAC layer provides historical channel utilization 

information about  primary users and real-time channel availability to secondary users. 

This information helps secondary users make informed decisions about channel access and 

reduces the chances of interference. 

    Channel 1 

    Channel 2 

    Channel 3 

    Channel 4 

    Channel 5 

 

          Time 

Fig2. PU Occupying Channel in MAC Super Frame 

The importance of considering the historical channel utilization of primary users and the 

current channel availability, when addressing TCP throughput decay issues. The long-term 

historical information helps identify general trends and bandwidth capacity, while short-term 

information accounts for temporary variations and potential errors in estimating parameters 

such as round-trip time (RTT) during low bandwidth capacity periods. 

To facilitate cognitive communication between TCP and MAC layers, the following 

information is required: 

I. History of Primary User Channel Access: Statistics about when primary users access 

channels while secondary users are using them. 

II. Available Channels: Information about the available channels helps secondary users 

determine the bandwidth capacity and reduce packet loss. 

III. Identifying TCP Throughput Decay: Analyzing the provided information from cognitive 

radio devices helps identify instances when TCP throughput decay occurs and take 

appropriate measures. 

SU  SU SU SU  

  SU  SU  

SU  SUPU occupying 

 SU     

 SU SU SU   
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Fig3. Faster-recovery mechanism [1]. 

Fig. 3 illustrates the idea of the faster recovery mechanism for retransmitting lost packets due 

to primary user interference, avoiding starvation of TCP clients, and implementing a faster 

recovery mechanism in mild-congestion situations. These mechanisms aim to maintain TCP 

performance and prevent unnecessary congestion window reductions. 

Overall, the CR-MAC protocol aims to optimize channel access and improve the bandwidth 

capacity and packet loss performance of secondary users while considering the interference 

caused by primary users in cognitive radio networks. 

Table 1- Parameters of Simulation  

Parameter Value 

Bandwidth per channel 100 Kbps, 1Mbps 

Total Channel 10 

PU Influence 1%,75% 

Sensing Interval 1,2 seconds 

RESULTS 

Fig4, illustrates the performance levels achieved in overcoming TCP throughput decay in 

cognitive radio networks when dealing with primary user channel occupancy or release while 

the secondary user is using it. The study was conducted using the NS-2 simulation tool. Here 

are some key points mentioned: 

1. Number of Channels: The cognitive radio (CR) link consists of 10 channels that can be 

utilized by secondary users. 

2. Simulated Bandwidth: Each channel has a fixed bandwidth throughout the simulation. 
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3. Secondary User Channel Sensing: The secondary user (SU) senses a channel every 2 

seconds, following the IEEE 802.22 standard, which coincides with the length of the MAC 

super-frame. 

4. Simulation Parameters: The specific simulation parameters used are provided in Table2, 

which likely includes details about the network configuration, traffic patterns, and 

performance metrics. 

5. TCP Throughput Improvement: The figure shows that there is a slight decrease in the 

improvement of TCP throughput as the channel bandwidth increases. This means that higher 

channel bandwidth allows the MAC layer to resend collided packets more quickly, resulting 

in fewer packet timeout events. Consequently, the TCP experiences fewer packet loss events 

caused by primary user influence. 

The information implies that higher channel bandwidth facilitates faster recovery from 

collisions, leading to improved TCP throughput and reduced packet loss. However, the figure 

suggests that the rate of improvement in TCP throughput diminishes as the channel 

bandwidth increases; indicating a potential saturation point where further increases in 

bandwidth yield diminishing returns. 

It's important to note that without specific details or the figure itself, it is challenging to 

provide a more precise interpretation or analysis of the results presented. 

 

Fig4. Performance of PU in different Bandwidth Capacity. 

CONCLUSION 

In this paper, we explore the issue of TCP throughput degradation in cognitive radio 

networks caused by primary users (PUs) and secondary users (SUs). We present a novel 

approach that leverages cognitive communication between TCP and MAC layers to enhance 

TCP performance in these networks. Our proposed solution is evaluated through extensive 

simulations, and the results depicted in Figure 5 demonstrate its substantial effectiveness in 

improving TCP throughput under various scenarios. Furthermore, we assess the performance 

of our mechanism and observe significant enhancements in terms of link utilization efficiency 
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when compared to standard TCP. For future work, we plan to enhance our simulator by 

incorporating additional details related to micro-mobility and incorporating new cognitive 

radio parameters to further enhance the overall system performance. 

 

Fig5. Performance of TCP in sensing interval after throughput gain in CRN. 
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Abstract –The Internet of Things (IoT) has revolutionized the way we interact with technology by 

connecting physical objects to the digital world. As the number of IoT devices continues to grow, the 

need for seamless human-computer interaction (HCI) and intuitive user interfaces (UIs) becomes 

paramount. This research paper explores the challenges and opportunities in designing HCI and UIs 

for IoT systems. It discusses the importance of user-centric design principles, the integration of natural 

user interfaces, and the role of context-awareness in enhancing user experiences. Additionally, it 

examines the impact of IoT on traditional HCI paradigms and proposes future directions for research 

and development in this rapidly evolving field. 

Keywords- Internet of Things (IoT), User interfaces (UIs), Human-Computer Interaction (HCI), 

Voice User Interfaces (VUIs), Natural user interfaces (NUIs), Augmented reality/virtual reality 

(AR/VR). 

INTRODUCTION 

The Internet of Things (IoT) has emerged as a transformative paradigm, connecting a vast 

array of devices and objects to the digital realm. As IoT continues to permeate various 

aspects of our daily lives, from smart homes to industrial automation, the importance of 

designing effective human-computer interaction (HCI) and user interfaces (UIs) becomes 

increasingly crucial. HCI and UIs play a pivotal role in ensuring that users can effortlessly 

interact with IoT systems, enabling seamless integration of technology into their routines. 

1.1 Background and Significance: The IoT ecosystem encompasses a diverse range of 

interconnected devices, sensors, actuators, and networks, enabling the exchange of data and 

enabling new forms of automation and decision-making. However, the true potential of IoT 

can only be realized if users can intuitively and comfortably interact with these connected 

devices. Traditional user interfaces, such as keyboards and mouse, are often insufficient or 

impractical for IoT systems due to their heterogeneity, scale, and distributed nature. 

HCI and UIs for IoT are concerned with creating interfaces that bridge the gap between 

humans and the interconnected IoT ecosystem. These interfaces need to be designed with a 

deep understanding of user needs, preferences, and abilities. They should enable users to 

easily access and control IoT devices, make sense of the vast amounts of data generated, and 

ensure a positive user experience in diverse contexts. 

1.2 Research Objectives: This research paper aims to explore the challenges and 

opportunities in designing HCI and UIs for IoT systems. The objectives are as follows: 

a. Examine the principles of user-centric design in the context of IoT HCI.  

mailto:chauhansurabhi04@gmail.com
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b. Explore the integration of natural user interfaces (NUIs) to enhance interaction with IoT 

devices. 

 c. Investigate the role of context-awareness in IoT UIs and its impact on user experiences. 

 d. Analyze the impact of IoT on traditional HCI paradigms and identify key considerations.  

e. Provide case studies and examples of HCI and UIs in IoT applications.  

f. Identify future directions and challenges for research and development in this field. 

1.3 Structure of the Paper: The remainder of this research paper is organized as follows: 

Section 2 discusses user-centric design principles for IoT, emphasizing the importance of 

understanding user needs and iterative prototyping. Section 3 explores the integration of 

natural user interfaces (NUIs) such as gesture-based interfaces, voice user interfaces, and 

tangible interfaces. Section 4 delves into the significance of context-awareness in IoT UIs and 

its impact on personalization and adaptive interfaces. Section 5 examines the implications of 

IoT on traditional HCI paradigms, including interaction modalities, cognitive load, and 

privacy considerations. 

Section 6 presents case studies and examples of HCI and UIs in various IoT domains, 

including smart homes, wearables, and industrial applications. Section 7 highlights future 

directions and challenges, such as advancements in AI and machine learning, integration of 

IoT with augmented reality/virtual reality (AR/VR), and ethical considerations. Finally, the 

conclusion in Section 8 summarizes the key findings and emphasizes the importance of user-

centric design in IoT HCI, providing insights into areas for future research. 

By comprehensively addressing these topics, this research paper aims to contribute to the 

understanding and advancement of HCI and UIs for IoT, facilitating the creation of user-

friendly and engaging experiences within the increasingly interconnected IoT landscape. 

USER-CENTRIC DESIGN PRINCIPLES FOR IOT 

In the realm of IoT, where a wide range of devices and systems interact, user-centric design 

principles are essential for creating effective human-computer interaction (HCI) and user 

interfaces (UIs). The following principles guide the design process to ensure that IoT systems 

are intuitive, usable, and meet the needs of users: 

2.1 User-Centered Design Approach: A user-centered design approach places the user at 

the core of the design process. It involves actively involving users throughout the design 

cycle, from initial ideation to prototyping and evaluation. Understanding the goals, 

preferences, and capabilities of users is crucial to developing interfaces that align with their 

needs and expectations. 

2.2 Understanding User Needs and Requirements: Thoroughly understanding user needs 

and requirements is fundamental to creating successful IoT interfaces. This involves 

conducting user research, such as interviews, surveys, and observations, to gather insights 

into users' goals, tasks, and pain points. By empathizing with users, designers can tailor the 
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interface to their specific contexts and improve the overall user experience. 

2.3 Design Thinking in IoT HCI: Design thinking is a problem-solving approach that 

emphasizes empathy, ideation, prototyping, and iteration. Applying design thinking 

principles to IoT HCI involves brainstorming creative solutions, rapid prototyping, and 

involving users in the evaluation process. This iterative approach enables designers to 

identify and address usability issues early on, resulting in more user-friendly interfaces. 

2.4 Iterative Prototyping and User Feedback: Prototyping plays a crucial role in IoT HCI 

design. By creating low-fidelity and high-fidelity prototypes, designers can test and refine 

interface concepts before implementing them in the actual IoT system. Involving users in the 

prototyping process allows for early feedback, enabling iterative improvements based on user 

insights. Rapid prototyping tools and techniques, such as paper prototyping and interactive 

mockups, facilitate this iterative design process. 

2.5 Consistency and Familiarity: Maintaining consistency and leveraging users' existing 

mental models contribute to a more intuitive IoT interface. Consistent use of design elements, 

such as icons, colors, and navigation patterns, across different IoT devices enhances usability. 

Building upon familiar interaction patterns, like swiping and tapping on touchscreens, helps 

users quickly grasp how to interact with new IoT devices or systems. 

2.6 Clear and Simple Interfaces: Simplicity and clarity are essential in IoT UIs. Clear and 

concise language, visually uncluttered interfaces, and intuitive navigation contribute to a 

positive user experience. Minimizing cognitive load and providing relevant information at the 

right time enable users to interact with IoT systems without feeling overwhelmed. 

2.7 Accessibility and Inclusivity: Designing IoT interfaces with accessibility and inclusivity 

in mind ensures that individuals with disabilities or diverse needs can effectively use and 

benefit from IoT systems. Considerations such as providing alternative input methods, 

accommodating different sensory capabilities, and offering customizable interfaces contribute 

to a more inclusive design. 

2.8 Feedback and Error Handling: IoT interfaces should provide feedback to users to 

confirm that their actions have been successfully executed. Visual, auditory, and haptic 

feedback mechanisms can be employed to indicate device status or action completion. 

Additionally, clear error messages and graceful error handling help users understand and 

recover from errors or unexpected situations encountered during interaction.  

By adhering to these user-centric design principles, designers can create IoT interfaces that 

are intuitive, usable, and tailored to the needs of users. Considering the specific contexts, 

goals, and limitations of users enhances the overall user experience and promotes wider 

adoption and acceptance of IoT technologies. 

NATURAL USER INTERFACES FOR IOT 

Natural User Interfaces (NUIs) play a significant role in enhancing the interaction between 

humans and Internet of Things (IoT) devices. By leveraging natural and intuitive modes of 
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communication, NUIs enable users to interact with IoT systems in a more seamless and user-

friendly manner. Here are some key types of NUIs commonly used in IoT interfaces: 

3.1 Gesture-Based Interfaces: Gesture-based interfaces allow users to interact with IoT 

devices through hand movements, body gestures, or facial expressions. Cameras, depth 

sensors, or wearable devices can capture and interpret these gestures, translating them into 

commands or actions. For example, a user may swipe their hand in the air to adjust the 

lighting intensity in a smart home or make a pinching gesture to zoom in on a connected IoT 

device's display. 

3.2 Voice User Interfaces: Voice User Interfaces (VUIs) enable users to interact with IoT 

systems using voice commands. Speech recognition technologies and natural language 

processing algorithms analyze the user's voice input and convert it into actionable commands. 

VUIs can be found in smart speakers, virtual assistants, and voice-controlled IoT devices. 

Users can ask questions, give commands, or initiate actions by simply speaking aloud, 

offering a hands-free and intuitive interaction method. 

3.3 Tangible Interfaces: Tangible interfaces involve physical objects or manipulable 

artifacts that users can directly interact with to control IoT devices or systems. These 

interfaces provide a tangible and haptic feedback experience. For example, a connected IoT 

device may come with physical buttons, sliders, or knobs that users can manipulate to adjust 

settings or activate functions. Tangible interfaces bridge the physical and digital worlds, 

enabling a more tactile and intuitive interaction with IoT devices. 

3.4 Multimodal Interfaces: Multimodal interfaces combine multiple modes of interaction, 

such as touch, voice, gestures, and even eye-tracking, to provide users with a rich and 

versatile interaction experience. By combining different modalities, users can choose the 

most convenient and suitable input method based on the context and their preferences. For 

instance, a smart home system may incorporate touchscreens for visual interaction, voice 

commands for hands-free control, and gestures for quick navigation. 

3.5 Challenges and Considerations in NUI Design:  

Designing effective NUIs for IoT comes with its own set of challenges and 

considerations: 

Contextual Awareness: NUIs should be able to adapt to different contexts and environments. 

They should consider factors like the user's location, time of day, and the devices or services 

they interact with to provide relevant and personalized experiences. 

Sensing Technologies: NUIs rely on various sensing technologies like cameras, microphones, 

and sensors to capture and interpret user input. Ensuring the accuracy and reliability of these 

sensing mechanisms is crucial for a smooth and error-free user experience. 

Privacy and Security: NUIs often involve capturing and processing user data, raising 

concerns about privacy and security. Designers must incorporate measures to protect user 

information and provide transparent control over data sharing and storage. 
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Learnability and Discoverability: NUIs should be designed in a way that is intuitive and easy 

to learn. Users should quickly understand how to interact with IoT devices and discover 

available functionalities without significant effort. 

By leveraging NUIs in IoT interfaces, designers can enhance the user experience, making 

interactions with IoT devices more natural, intuitive, and enjoyable. These interfaces enable 

users to seamlessly control and interact with the IoT ecosystem, bridging the gap between 

humans and connected devices. 

CONTEXT-AWARENESS IN IOT USER INTERFACES 

Context-awareness plays a vital role in designing user interfaces (UIs) for Internet of Things 

(IoT) systems. By considering the context in which IoT devices operate, UIs can adapt and 

provide personalized experiences that align with user needs and preferences. Here are some 

key aspects of context-awareness in IoT UI design: 

4.1 Context-Aware Systems and IoT: Context-aware systems leverage information about 

the user, the environment, and the IoT devices themselves to dynamically adjust their 

behavior and provide relevant information or services. Contextual information may include 

location, time, user preferences, activity patterns, and sensor data from the IoT network. By 

understanding the context, UIs can tailor their presentation, functionalities, and interactions to 

meet specific user requirements. 

4.2 Sensor Data Integration for Context-Awareness: 

IoT devices generate a vast amount of sensor data, such as temperature, humidity, motion, 

and light levels. By integrating this sensor data into UIs, designers can create context-aware 

interfaces. For example, a smart thermostat may adjust the temperature based on occupancy 

information from motion sensors, or a smart lighting system may adapt brightness levels 

based on ambient light conditions. The UI can provide real-time feedback and control options 

based on these sensor inputs. 

4.3 Personalization and Adaptive Interfaces: Context-aware UIs can personalize the user 

experience by adapting to individual preferences, habits, and situational needs. By learning 

from user interactions and historical data, the UI can customize its layout, content, and 

functionalities. For instance, a smart home UI can present frequently used controls 

prominently or suggest actions based on past behavior. Adaptive interfaces allow users to 

have tailored experiences that match their unique requirements and behaviors. 

4.4 Context-Aware UI Design Challenges: 

Designing context-aware UIs for IoT systems poses several challenges: 

Data Processing and Analysis: Contextual information often involves processing and 

analyzing a large volume of real-time data. Designers need to consider efficient data 

processing mechanisms to extract meaningful insights and respond to changes in the context 

promptly. 
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Context Inference and Prediction: Deriving context from raw sensor data can be complex. 

Designers must employ intelligent algorithms and machine learning techniques to infer and 

predict context accurately. This includes recognizing user activities, inferring user intentions, 

and understanding environmental conditions. 

User Control and Transparency: Context-aware UIs should provide users with control over 

how the system uses their contextual information. Users should be able to specify 

preferences, privacy settings, and define rules for context-based actions. Transparent 

communication of how context is collected, used, and shared is crucial for user trust and 

acceptance. 

Dynamic Adaptation: Contexts can change rapidly, and UIs should be able to adapt 

accordingly. Designers need to consider mechanisms for real-time updates, smooth 

transitions, and dynamic adjustment of UI elements to reflect changes in the context. 

By incorporating context-awareness into IoT UIs, designers can provide more personalized, 

intuitive, and adaptive experiences for users. Context-aware UIs can anticipate user needs, 

simplify interaction, and enhance overall usability and satisfaction. They enable IoT systems 

to seamlessly integrate into users' lives by intelligently responding to their preferences and 

environmental conditions. 

IMPACT OF IOT ON TRADITIONAL HCI PARADIGMS 

The Internet of Things (IoT) has introduced new challenges and opportunities that impact 

traditional Human-Computer Interaction (HCI) paradigms. IoT's unique characteristics, such 

as pervasive connectivity, heterogeneity of devices, and data abundance, necessitate a 

reevaluation of HCI approaches. Here are some key ways in which IoT influences traditional 

HCI paradigms: 

5.1 Ubiquitous Computing and HCI: IoT extends the concept of ubiquitous computing, 

where computing is seamlessly integrated into everyday objects and environments. This shift 

requires HCI to consider interactions beyond traditional desktop and mobile devices. Users 

interact with a multitude of interconnected IoT devices, such as smart home appliances, 

wearables, and industrial sensors. HCI paradigms need to address the challenges of designing 

interfaces that span multiple devices and provide consistent and coherent user experiences 

across diverse contexts. 

5.2 Interaction Modalities in IoT: IoT introduces a variety of interaction modalities beyond 

traditional mouse and keyboard input. Voice commands, gestures, touch, and tangible 

interfaces become prevalent in IoT systems. HCI must adapt to support these new modalities 

and ensure a smooth and intuitive user experience across different interaction methods. 

Designers need to consider the strengths, limitations, and appropriateness of each modality in 

different IoT contexts. 

5.3 Cognitive Load and Attention Management: The proliferation of IoT devices can lead 

to information overload, increasing users' cognitive load and attention demands. HCI needs to 



INTEGRATED SOLUTION: SEM 2023  ISBN: 978-81-961781-0-9 

35 

focus on presenting information and controls in a way that minimizes cognitive load and 

facilitates easy comprehension and decision-making. Techniques such as information 

filtering, context-based information presentation, and adaptive interfaces can help manage 

cognitive load and direct users' attention effectively in IoT environments. 

5.4 Privacy and Security Considerations: IoT raises significant privacy and security 

concerns due to the massive amount of data generated and shared across interconnected 

devices. HCI needs to address these concerns by designing interfaces that provide clear and 

transparent privacy controls, allow users to understand and manage data sharing, and 

empower them with mechanisms for secure interaction and authentication. Ensuring user trust 

and confidence in IoT systems becomes crucial for the successful adoption of HCI in IoT. 

5.5 Adaptive and Intelligent Interfaces: IoT's ability to collect and analyze vast amounts of 

data enables the development of adaptive and intelligent interfaces. HCI can leverage 

machine learning and artificial intelligence techniques to personalize interfaces, predict user 

intentions, and provide proactive and contextually relevant suggestions or assistance. 

Adaptive interfaces that learn from user behaviors and preferences can enhance the user 

experience and make interactions with IoT systems more efficient and effective. 

5.6 Social and Ethical Considerations: As IoT devices become more pervasive and 

interconnected, HCI needs to address the social and ethical implications of these 

technologies. This includes considering the impact of IoT on privacy, data ownership, digital 

divide, and human values. HCI paradigms should strive to promote inclusive design, 

diversity, and responsible use of IoT to ensure that the benefits of IoT are distributed 

equitably. 

In summary, IoT's impact on traditional HCI paradigms is substantial. HCI must adapt to 

support ubiquitous computing, accommodate various interaction modalities, manage 

cognitive load and attention, address privacy and security concerns, incorporate adaptiveness 

and intelligence, and consider social and ethical considerations. By embracing these changes, 

HCI can effectively design interfaces that provide seamless and meaningful interactions in 

the IoT era. 

CASE STUDIES AND EXAMPLES 

To understand the practical application of Human-Computer Interaction (HCI) and user 

interfaces (UIs) in the Internet of Things (IoT) domain, let's explore some case studies and 

examples of HCI and UIs in different IoT contexts: 

6.1 Smart Home Interfaces: Smart homes are a popular application of IoT, where various 

devices and systems are interconnected to enhance comfort, convenience, and energy 

efficiency. HCI and UIs play a crucial role in enabling users to interact with smart home 

devices. Examples include: 

Mobile Apps: Smart home mobile apps provide users with intuitive interfaces to control and 

monitor their connected devices. Users can adjust lighting, temperature, security systems, and 
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other appliances through a user-friendly interface. 

Voice Assistants: Devices like Amazon Echo and Google Home use voice-based UIs to 

enable users to control smart home devices using natural language commands. Users can 

control lights, play music, or ask questions by simply speaking to the voice assistant. 

6.2 Wearable Devices and IoT HCI: Wearable devices, such as smartwatches and fitness 

trackers, have become prevalent in the IoT ecosystem. HCI and UIs play a vital role in 

delivering a seamless and personalized user experience. Examples include: 

Fitness Trackers: Fitness trackers use UIs, typically displayed on the device's screen or a 

companion mobile app, to present activity data, set goals, and track progress. Users can 

interact with the UI to view their health statistics and access various functionalities. 

Smartwatches: Smartwatches provide UIs that allow users to read notifications, respond to 

messages, control music, and track health and fitness data. The compact interface on the 

watch face enables users to access essential information and interact with apps on their 

wrists. 

6.3 Industrial IoT Interfaces: The Industrial Internet of Things (IIoT) focuses on 

connecting industrial systems and devices to improve efficiency, automation, and safety. HCI 

and UIs play a critical role in facilitating human-machine interaction in industrial settings. 

Examples include: 

Control Panels: Industrial control panels employ UIs to enable operators to monitor and 

control complex machinery and processes. The interface may include status indicators, 

interactive touchscreens, physical buttons, and visualizations to present real-time data. 

Augmented Reality (AR) Interfaces: AR interfaces overlay digital information onto the 

physical environment, enhancing workers' understanding and interaction with machinery and 

systems. AR headsets or devices provide contextual information, step-by-step instructions, 

and remote expert guidance, improving efficiency and reducing errors. 

6.4 Healthcare Applications of IoT HCI: IoT and HCI find extensive applications in 

healthcare, providing remote monitoring, personalized care, and improved patient 

experiences. Examples include: 

Remote Patient Monitoring: IoT devices, such as wearable sensors and home-based 

monitoring systems, collect patients' health data. HCI and UIs present this data to healthcare 

providers through web-based dashboards or mobile apps, enabling remote monitoring and 

early intervention. 

Smart Pillboxes: IoT-enabled pillboxes use UIs to remind patients to take medication, 

dispense the correct pills, and track adherence. Interfaces may include visual indicators, 

alarms, and connectivity to share data with healthcare providers. 

These case studies highlight how HCI and UIs are applied in various IoT domains, improving 

user experiences, enabling control and monitoring of IoT devices, and enhancing efficiency 
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and safety in different contexts. By focusing on usability, personalization, and intuitive 

interactions, HCI and UIs make IoT technologies more accessible and beneficial to users. 

FUTURE DIRECTIONS AND CHALLENGES 

The field of Human-Computer Interaction (HCI) and user interfaces (UIs) for the Internet of 

Things (IoT) is constantly evolving. As technology advances and the IoT landscape expands, 

several future directions and challenges emerge: 

7.1 Advancements in AI and Machine Learning: The integration of AI and machine 

learning with HCI and IoT holds great promise. Future UIs can leverage AI algorithms to 

understand user preferences, predict user intent, and provide personalized recommendations. 

Machine learning models can analyze vast amounts of sensor data to derive context and 

enable adaptive interfaces that dynamically adjust to user needs. Further research is needed to 

explore how AI can enhance HCI in the IoT domain. 

7.2 Seamless Integration of IoT with AR/VR: Augmented Reality (AR) and Virtual Reality 

(VR) have the potential to revolutionize HCI in IoT. Seamless integration of IoT data and 

interfaces with AR/VR environments can enhance user experiences and provide immersive 

interactions. For example, users can visualize and interact with IoT devices and data overlays 

in a virtual or augmented space. Overcoming technical challenges and designing intuitive 

AR/VR interfaces for IoT will be a focus of future research. 

7.3 Ethical Considerations in IoT HCI: As IoT becomes more pervasive, addressing ethical 

considerations becomes crucial. HCI research needs to examine the ethical implications of 

IoT systems, including privacy concerns, data security, algorithmic bias, and the responsible 

use of user data. Designing interfaces that prioritize user privacy, consent, transparency, and 

control will be essential for maintaining user trust and acceptance. 

7.4 Evaluating User Experiences in IoT: Evaluating the user experience (UX) in IoT HCI 

presents unique challenges. Traditional UX evaluation methods may need adaptation to 

accommodate the distributed nature of IoT systems, the diversity of devices, and the dynamic 

context. Research is needed to develop appropriate evaluation frameworks and metrics for 

assessing the usability, satisfaction, and effectiveness of IoT interfaces. 

7.5 Designing for Inclusivity and Accessibility: Ensuring inclusive and accessible IoT HCI 

experiences for all users is a critical future direction. Designing interfaces that accommodate 

users with diverse abilities, disabilities, and needs is essential. Research should focus on 

developing UIs that support alternative input methods, provide customizable interfaces, and 

consider the specific requirements of different user groups. 

7.6 Integration of IoT with Edge Computing and Fog Computing: The convergence of 

IoT, edge computing, and fog computing introduces new possibilities for distributed 

processing, low-latency interactions, and improved data privacy. HCI needs to consider the 

design implications of these distributed architectures, including how interfaces interact with 

edge devices, how data is visualized and controlled across the network, and how to maintain 
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a seamless user experience in distributed environments. 

7.7 Sustainability and Energy Efficiency: HCI in IoT should address sustainability 

concerns by promoting energy-efficient interactions and reducing environmental impact. 

Designing interfaces that encourage energy-conscious behavior, provide insights into energy 

consumption, and enable users to optimize resource usage will be important in the future. 

Addressing these future directions and challenges in IoT HCI requires interdisciplinary 

collaboration between HCI researchers, UI designers, IoT experts, and stakeholders. By 

focusing on user-centered design, ethical considerations, emerging technologies, and the 

specific demands of IoT contexts, HCI can shape the future of IoT interfaces and enhance the 

overall user experience in the IoT ecosystem. 

CONCLUSION 

Human-Computer Interaction (HCI) and user interfaces (UIs) play a critical role in enabling 

seamless and intuitive interactions between users and the Internet of Things (IoT) ecosystem. 

As IoT continues to advance and permeate various domains, it presents both opportunities 

and challenges for HCI. This research paper has explored the significance of user-centric 

design principles in IoT HCI, emphasizing the importance of understanding user needs and 

preferences, iterative prototyping, and user feedback. We have also discussed the integration 

of natural user interfaces (NUIs) such as gesture-based interfaces, voice user interfaces, and 

tangible interfaces to enhance the interaction experience in IoT. 

Context-awareness has emerged as a crucial factor in IoT UI design, enabling personalized 

and adaptive interfaces that respond to users' specific contexts and preferences. We have 

examined the integration of sensor data and the challenges of designing context-aware UIs. 

Moreover, the impact of IoT on traditional HCI paradigms has been discussed, including the 

shift toward ubiquitous computing, the diversification of interaction modalities, managing 

cognitive load, and addressing privacy and security considerations. Several case studies and 

examples have illustrated the practical application of HCI and UIs in different IoT contexts, 

such as smart homes, wearable devices, industrial IoT, and healthcare. 

Looking ahead, future directions and challenges in IoT HCI include advancements in AI and 

machine learning, seamless integration of IoT with augmented reality/virtual reality 

(AR/VR), ethical considerations, evaluating user experiences, designing for inclusivity and 

accessibility, integration with edge computing and fog computing, and promoting 

sustainability and energy efficiency. By embracing these future directions and addressing the 

challenges, HCI can contribute to the creation of user-friendly, efficient, and ethically 

responsible IoT interfaces. HCI researchers, UI designers, and IoT stakeholders need to 

collaborate and innovate to shape the future of IoT HCI, ensuring that technology seamlessly 

integrates into users' lives while enhancing their experiences and addressing their needs. 
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Abstract – The rapid growth of connected devices in the Internet of Things (IoT) has necessitated more 

efficient and secure data processing solutions. Edge computing has emerged as a promising paradigm 

that brings computational power closer to the data source, reducing latency, and enhancing efficiency. 

This research paper explores the benefits and challenges of implementing edge computing in IoT 

systems, with a particular focus on how it enhances efficiency, security, and privacy. The paper 

provides an overview of edge computing in IoT, discusses its impact on efficiency improvements, 

explores its role in enhancing security, addresses privacy considerations, discusses challenges and 

future directions, and provides case studies of real-world applications. The findings highlight the 

importance of edge computing in addressing the evolving needs of IoT systems. 

INTRODUCTION 

1.1 Background and Motivation: The Internet of Things (IoT) has revolutionized various 

industries by connecting devices, sensors, and systems, enabling them to communicate and 

share data. The proliferation of IoT devices has generated massive amounts of data that 

require efficient processing and analysis. Traditional cloud-centric approaches for data 

processing in IoT systems face challenges such as high latency, network congestion, and 

dependence on centralized resources. To address these limitations, edge computing has 

emerged as a promising solution by bringing computational capabilities closer to the data 

source. 

1.2 Problem Statement: While edge computing offers numerous advantages in terms of 

efficiency, security, and privacy, there is a need to explore its potential and understand its 

implications in the context of IoT systems. This research aims to investigate how edge 

computing can enhance efficiency, security, and privacy in IoT deployments. It seeks to 

address the challenges associated with deploying edge computing in IoT systems and identify 

opportunities for improvement. 

1.3 Research Objectives: The primary objectives of this research paper are as follows: 

a. To explore the benefits of edge computing in enhancing efficiency in IoT systems. 

b. To analyze the role of edge computing in improving security and mitigating vulnerabilities 

in IoT deployments. 

c. To investigate the privacy considerations and techniques associated with edge computing 

in IoT. 

d. To identify the challenges and barriers in implementing edge computing in IoT systems. 

e. To propose potential solutions and future directions for integrating edge computing into 

IoT architectures.  
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METHOLOGY 

To achieve the research objectives, this study will employ a mixed-methods approach. The 

research will begin with a comprehensive literature review to establish a theoretical 

foundation for edge computing in IoT, including its concepts, characteristics, and relevant 

technologies. The review will also encompass existing studies on efficiency improvements, 

security enhancements, and privacy considerations in edge computing. 

To gather empirical data, the study will conduct case studies of real-world IoT deployments 

that have implemented edge computing. These case studies will provide insights into 

practical implementations, challenges faced, and lessons learned. Data will be collected 

through interviews, surveys, and analysis of relevant documentation. 

The findings from the literature review and case studies will be analyzed to identify key 

patterns, trends, and recommendations. The research paper will present the results in a 

coherent manner, addressing each research objective, and providing a comprehensive 

understanding of how edge computing enhances efficiency, security, and privacy in IoT 

systems. 

Overall, this research will contribute to the body of knowledge in the field of IoT and edge 

computing, providing valuable insights for practitioners, researchers, and policymakers 

seeking to harness the potential of edge computing in IoT deployments. 

OVERVIEW OF EDGE COMPUTING IN IOT 

2.1 Definition and Key Concepts: Edge computing in the context of IoT refers to a 

decentralized computing paradigm that brings computational power and data storage closer to 

the edge of the network, closer to the data source or the IoT devices themselves. It aims to 

address the limitations of traditional cloud-centric approaches by enabling data processing, 

storage, and analysis at or near the data source. Key concepts in edge computing include edge 

devices, edge servers, edge analytics, and edge intelligence. 

2.2 Characteristics of Edge Computing: Edge computing exhibits several characteristics 

that differentiate it from traditional cloud computing: 

a. Proximity to Data Source: Edge computing enables data processing and analytics to be 

performed in close proximity to where the data is generated, reducing latency and improving 

response times. 

b. Decentralization: In edge computing, computational resources are distributed across edge 

devices, edge servers, and gateways, allowing for localized processing and reducing the 

dependence on a centralized cloud infrastructure. 

c. Real-time Processing: Edge computing enables real-time or near-real-time processing and 

decision-making, allowing for immediate response and faster insights.  
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d. Bandwidth Optimization: By processing and filtering data at the edge, edge computing 

minimizes the amount of data that needs to be transmitted to the cloud, optimizing bandwidth 

usage and reducing network congestion. 

e. Offline Capabilities: Edge computing architectures can function autonomously even in 

situations where connectivity to the cloud is limited or lost, ensuring continuous operation 

and reducing dependence on cloud services. 

2.3 Comparison with Cloud Computing: Edge computing and cloud computing serve 

different purposes and offer complementary capabilities. While cloud computing centralizes 

resources and provides scalability and storage capacity, edge computing focuses on 

processing data at or near the data source. Key differences between edge computing and 

cloud computing include: 

a. Latency: Edge computing significantly reduces latency since data processing occurs closer 

to the data source, enabling real-time or near-real-time responsiveness. In contrast, cloud 

computing introduces latency due to data transmission to and from the cloud servers. 

b. Scalability: Cloud computing offers virtually unlimited scalability, as resources can be 

provisioned on-demand. Edge computing is limited by the computational capabilities of edge 

devices and servers, but it can be scaled by adding more edge nodes within a network. 

c. Data Privacy and Security: Edge computing can enhance data privacy and security since 

sensitive data is processed locally without the need for extensive data transmission to the 

cloud. Cloud computing, on the other hand, relies on secure data transmission and centralized 

security measures. 

2.4 Edge Computing Architecture in IoT Systems: Edge computing architecture in IoT 

systems typically involves a hierarchical structure that spans from edge devices to edge 

servers and cloud servers. The architecture can be organized into multiple tiers, each with 

specific functionalities: 

a. Edge Devices: These are the IoT devices or sensors that generate data. They can perform 

initial data preprocessing and filtering to reduce the amount of data sent to the edge servers or 

cloud. 

b. Edge Servers/Gateways: These are the intermediate nodes responsible for processing, 

storing, and analyzing data received from edge devices. They act as a bridge between edge 

devices and the cloud, performing localized data processing and decision-making. 

c. Cloud Servers: These servers are responsible for centralized storage, complex analytics, 

and long-term data processing. Data from edge servers can be transmitted to the cloud for 

further analysis, storage, and integration with other enterprise systems. The architecture can 

vary depending on the specific IoT deployment and requirements. It may incorporate fog 

computing, which involves additional intermediate nodes between edge and cloud servers to 

handle more complex processing tasks. 
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Understanding the key concepts, characteristics, and architecture of edge computing in IoT 

systems provides a foundation for exploring its impact on efficiency, security, and privacy, as 

well as for addressing the challenges and opportunities associated with its implementation. 

EFFICIENCY IMPROVEMENTS THROUGH EDGE COMPUTING 

3.1 Reducing Latency and Bandwidth Requirements: One of the primary advantages of 

edge computing in IoT systems is its ability to reduce latency and minimize bandwidth 

requirements. By processing data closer to the edge devices, edge computing eliminates the 

need for transmitting large volumes of data to centralized cloud servers for processing. This 

reduction in data transmission distance significantly reduces the latency involved in sending 

data to the cloud and receiving processed results. Real-time applications, such as autonomous 

vehicles or industrial control systems, can benefit from edge computing's low-latency 

processing, enabling quicker response times and improving overall system performance. 

Furthermore, edge computing helps alleviate bandwidth constraints by performing data 

processing and filtering at the edge. Instead of transmitting all raw data to the cloud, edge 

devices and servers can analyze data locally, sending only relevant information or processed 

results to the cloud for further analysis or storage. This approach optimizes network 

bandwidth and reduces the risk of network congestion, making edge computing an efficient 

solution for IoT systems with limited network capacity. 

3.2 Real-time Decision Making and Local Data Processing: Edge computing enables real-

time decision making by processing and analyzing data at the edge devices or edge servers. In 

time-critical applications, such as industrial automation or remote monitoring of critical 

systems, immediate decision-making capabilities are crucial. With edge computing, data can 

be processed locally, allowing for quick responses and actions without relying on a distant 

cloud server. This real-time decision-making capability improves system responsiveness, 

enhances user experience, and enables IoT applications that demand low-latency interactions. 

Local data processing is another key aspect of efficiency improvement through edge 

computing. By performing data processing and analysis at the edge, IoT devices can filter, 

aggregate, and transform raw data into meaningful insights or actionable information. This 

localized processing reduces the amount of data that needs to be transmitted to the cloud, 

minimizing data transmission costs and optimizing system resources. It also enables edge 

devices to operate autonomously even in disconnected or low-connectivity environments, 

ensuring continuous functionality and reducing dependence on cloud services. 

3.3 Distributed Analytics and Improved Response Times: Edge computing facilitates 

distributed analytics, where data processing tasks are distributed across edge devices and 

servers within an IoT network. Instead of relying solely on centralized cloud servers for data 

analytics, edge computing allows for parallel and distributed processing closer to the data 

source. This distributed analytics capability enables faster processing and analysis, as tasks 

can be executed simultaneously across multiple edge nodes. Consequently, response times 

improve significantly, enabling real-time insights and enabling time-critical decision making. 
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Furthermore, by distributing analytics tasks across edge devices and servers, the overall load 

on the network and cloud infrastructure is reduced. Each edge device or server can process a 

portion of the data and contribute to the analytics pipeline, thereby optimizing resource 

utilization and enhancing scalability. This approach also reduces the impact of network 

latency, as data can be processed locally without relying on a central point of analysis, 

resulting in improved overall system efficiency. 

3.4 Resource Optimization and Network Congestion Reduction: Edge computing 

contributes to resource optimization in IoT systems. By offloading processing tasks from the 

cloud to the edge, computational resources can be efficiently utilized. Edge devices and 

servers can handle data processing and analytics, eliminating the need for continuously 

transmitting large volumes of data to the cloud. This not only reduces cloud server load but 

also conserves network bandwidth and storage capacity. 

Moreover, edge computing helps reduce network congestion. By processing and filtering data 

at the edge, only relevant information or processed results are transmitted to the cloud, 

reducing the volume of data transmitted through the network. This reduction in data traffic 

minimizes the risk of network congestion, improves overall network performance, and 

enhances the reliability of IoT systems. 

In summary, edge computing offers significant efficiency improvements in IoT systems. It 

reduces latency and bandwidth requirements by processing data closer to the edge devices. 

Real-time 

SECURITY ENHANCEMENTS IN EDGE COMPUTING 

4.1 Reducing Attack Surface and Vulnerabilities: Edge computing in IoT systems can 

enhance security by reducing the attack surface and vulnerabilities. By processing data and 

executing tasks at the edge, the exposure of sensitive data and critical operations to external 

threats is minimized. Edge devices and servers can implement security measures such as 

firewalls, intrusion detection systems, and access controls to mitigate potential risks. 

Furthermore, the reduced reliance on cloud services decreases the attack surface as the data 

transmission and communication paths are shortened, limiting potential points of entry for 

attackers. 

4.2 Local Threat Detection and Mitigation: Edge computing enables local threat detection 

and mitigation capabilities within IoT systems. By analyzing data at the edge, edge devices 

and servers can detect anomalies, patterns, and potential security breaches in real-time. This 

localized threat detection enables prompt response and mitigation measures, preventing 

security incidents from propagating further into the network or compromising sensitive 

information. Edge-based threat detection mechanisms, such as anomaly detection algorithms 

or machine learning models, can enhance the overall security posture of IoT systems by 

identifying and addressing security threats at the edge. 

4.3 Enhancing Data Encryption and Access Control: Edge computing can strengthen data 

security through enhanced encryption and access control mechanisms. Data transmitted 
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between edge devices, servers, and the cloud can be encrypted using strong cryptographic 

protocols and algorithms. This ensures that data remains secure during transmission and 

prevents unauthorized access. Access control policies can be implemented at the edge to 

restrict data access and ensure that only authorized devices or entities can interact with the 

system. Encryption and access control mechanisms at the edge help safeguard sensitive data 

and protect the privacy of IoT systems. 

4.4 Trustworthiness and Secure Communication: Edge computing promotes 

trustworthiness and secure communication within IoT systems. Edge devices and servers can 

establish secure communication channels, leveraging protocols such as Transport Layer 

Security (TLS) or Secure Shell (SSH), to ensure that data exchanged between devices and 

servers remains confidential and tamper-proof. The establishment of trust and authentication 

mechanisms at the edge enables secure interactions and prevents unauthorized devices from 

accessing or compromising the system. Additionally, edge computing architectures can 

incorporate hardware-based security solutions, such as Trusted Platform Modules (TPMs) or 

secure elements, to further enhance the trustworthiness and integrity of IoT systems. 

By reducing the attack surface, enabling local threat detection and mitigation, enhancing data 

encryption and access control, and promoting trustworthiness and secure communication, 

edge computing strengthens the security posture of IoT systems. These security 

enhancements contribute to the protection of sensitive data, prevention of unauthorized 

access, and mitigation of potential security threats, ensuring the integrity, confidentiality, and 

availability of IoT deployments. 

PRIVACY CONSIDERATIONS IN EDGE COMPUTING 

5.1 Minimizing Sensitive Data Transmission to the Cloud: Edge computing addresses 

privacy concerns in IoT systems by minimizing the transmission of sensitive data to the 

cloud. Instead of sending all raw data to a centralized cloud server, edge devices and servers 

can perform data processing and filtering locally, transmitting only relevant and anonymized 

information to the cloud for further analysis or storage. This approach reduces the exposure 

of sensitive data to potential privacy breaches during data transmission, enhancing the 

privacy protection of IoT deployments. 

5.2 Local Data Processing and Privacy Preservation: Edge computing enables local data 

processing, which contributes to privacy preservation in IoT systems. By processing data at 

the edge, personal information can be anonymized or aggregated, ensuring individual privacy 

is maintained. Localized data processing reduces the reliance on transmitting personal data to 

external entities, minimizing privacy risks associated with centralized data storage or 

processing. This approach allows IoT devices to derive insights and perform necessary 

actions without compromising the privacy of individuals involved. 

5.3 User Control over Personal Information: Privacy considerations in edge computing 

include providing users with control over their personal information. IoT systems can 

empower users to manage and control the collection, use, and sharing of their data. By 
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implementing user consent mechanisms, privacy policies, and user-friendly interfaces, 

individuals can exercise control over their personal information, including determining what 

data is collected, who has access to it, and for what purposes it is used. User-centric privacy 

controls ensure that individuals have a say in how their data is handled, enhancing 

transparency and trust in the IoT ecosystem. 

5.4 Privacy-Preserving Techniques in Edge Computing: Edge computing incorporates 

privacy-preserving techniques to safeguard sensitive data. Several methods can be employed 

to protect privacy in edge computing: 

a. Data Anonymization: Edge devices and servers can anonymize data by removing 

personally identifiable information (PII) or replacing it with pseudonyms. This technique 

helps protect the privacy of individuals while still allowing for data analysis and processing. 

b. Differential Privacy: Differential privacy techniques can be applied to preserve privacy in 

edge computing. By adding noise or perturbation to data, differential privacy ensures that 

individual data points cannot be directly linked to specific individuals, maintaining privacy 

while still enabling useful data analysis. 

c. Secure Multi-party Computation (SMC): SMC protocols enable secure computation and 

analysis of data while preserving privacy. Edge devices and servers can jointly compute 

results without revealing individual data inputs, ensuring privacy during collaborative data 

processing scenarios. 

d. Homomorphic Encryption: Homomorphic encryption allows for encrypted data to be 

processed and analyzed without decrypting it, preserving the privacy of sensitive information. 

This technique enables secure computations on encrypted data within the edge computing 

environment. 

By applying these privacy-preserving techniques, edge computing ensures that personal 

information is protected, enabling individuals to retain their privacy while still benefiting 

from the capabilities and insights offered by IoT systems. 

Privacy considerations in edge computing play a crucial role in building trust, respecting 

individual privacy rights, and complying with privacy regulations. By minimizing sensitive 

data transmission to the cloud, enabling local data processing and privacy preservation, 

providing user control over personal information, and employing privacy-preserving 

techniques, edge computing strengthens privacy protection in IoT deployments. 

CHALLENGES AND FUTURE DIRECTIONS 

6.1 Resource Constraints and Device Heterogeneity: One of the key challenges in edge 

computing is the presence of resource-constrained edge devices with varying capabilities and 

heterogeneity. Edge devices, such as sensors or small-scale computing devices, often have 

limited processing power, memory, and energy resources. Managing and optimizing resource 

utilization across heterogeneous devices while ensuring efficient and reliable operation pose 

significant challenges. Future research should focus on developing resource-efficient 
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algorithms, lightweight protocols, and device-specific optimizations to overcome resource 

constraints and address device heterogeneity in edge computing environments. 

6.2 Management and Orchestration Complexity: The management and orchestration of 

edge computing resources, including edge devices and servers, pose complexities due to the 

distributed and dynamic nature of edge computing architectures. Efficiently deploying, 

monitoring, configuring, and managing edge resources require sophisticated management 

frameworks and intelligent orchestration mechanisms. Future directions should focus on 

developing robust management and orchestration techniques that automate resource 

provisioning, workload distribution, fault tolerance, and dynamic resource scaling to handle 

the complexities of edge computing environments. 

6.3 Scalability and Interoperability Challenges: Scalability and interoperability are critical 

challenges in edge computing, particularly as IoT deployments continue to grow in scale and 

complexity. Edge computing architectures must be able to scale seamlessly to accommodate 

a large number of edge devices and handle increasing data volumes and processing demands. 

Achieving interoperability among diverse edge devices, communication protocols, and 

application frameworks is also crucial for seamless integration and collaboration within edge 

computing ecosystems. Future research should aim to develop scalable architectures, 

standardized protocols, and interoperability frameworks that enable seamless scaling and 

integration of edge computing systems. 

6.4 Integration with Cloud Computing and Fog Computing: The integration of edge 

computing with cloud computing and fog computing presents both challenges and 

opportunities. Edge computing complements cloud computing by offloading data processing 

and analytics to the edge, reducing latency and bandwidth requirements. Fog computing, on 

the other hand, extends the edge computing paradigm by incorporating intermediate fog 

nodes to handle more complex processing tasks. Future directions should explore efficient 

integration mechanisms, hybrid architectures, and workload offloading strategies that 

seamlessly integrate edge computing with cloud computing and fog computing to create a 

cohesive and scalable computing ecosystem. 

6.5 Edge Intelligence and Machine Learning at the Edge: The integration of machine 

learning and artificial intelligence capabilities at the edge is an emerging research area with 

significant potential. By deploying machine learning models and intelligent algorithms at the 

edge, real-time data analysis, decision-making, and predictive capabilities can be enhanced. 

However, deploying and managing machine learning models on resource-constrained edge 

devices pose challenges such as model size, computational complexity, and power 

consumption. Future research should focus on developing lightweight and energy-efficient 

machine learning techniques, federated learning approaches, and edge intelligence 

frameworks that enable efficient deployment and execution of machine learning models at the 

edge. 
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In conclusion, addressing the challenges related to resource constraints, management 

complexity, scalability, interoperability, integration with cloud and fog computing, and 

enabling edge intelligence will shape the future directions of edge computing in IoT systems. 

Overcoming these challenges will unlock the full potential of edge computing, enabling 

efficient, secure, and privacy-aware IoT deployments that leverage the benefits of edge 

processing, real-time analytics, and intelligent decision-making. 

CASE STUDIES AND REAL-WORLD APPLICATIONS 

7.1 Smart Cities and Urban Infrastructure: Edge computing plays a vital role in enabling 

smart cities and improving urban infrastructure. In smart city deployments, edge devices and 

servers are deployed throughout the city to collect, process, and analyze data from various 

sources such as sensors, cameras, and IoT devices. This data is used for real-time monitoring, 

optimization of resource allocation, traffic management, environmental monitoring, and 

enhancing public safety. Edge computing enables faster response times, reduced latency, and 

localized decision-making, making it an ideal technology for smart city applications. 

7.2 Industrial IoT and Manufacturing: Edge computing is revolutionizing the industrial 

IoT (IIoT) and manufacturing sector. In industrial settings, edge devices and edge servers are 

deployed at the edge of the network, close to the machines and sensors, to perform real-time 

data analysis, predictive maintenance, and quality control. Edge computing enables quick 

response times, reduces reliance on cloud connectivity, and enhances operational efficiency. 

It enables real-time monitoring and control of manufacturing processes, optimization of 

equipment performance, and proactive maintenance, leading to improved productivity, 

reduced downtime, and cost savings. 

7.3 Healthcare and Telemedicine: Edge computing is transforming healthcare and 

telemedicine by bringing real-time analytics and decision-making capabilities to the point of 

care. Edge devices and servers are deployed in healthcare facilities, homes, wearable devices, 

and medical equipment to collect and analyze patient data, monitor vital signs, and provide 

personalized healthcare services. Edge computing enables faster diagnosis, remote patient 

monitoring, real-time alerts, and timely intervention. It also addresses privacy concerns by 

processing sensitive patient data locally and minimizing data transmission to external servers. 

7.4 Transportation and Logistics: Edge computing has significant applications in 

transportation and logistics, particularly in areas such as autonomous vehicles, fleet 

management, and supply chain optimization. Edge devices and servers deployed in vehicles, 

logistics hubs, and warehouses enable real-time data analysis, route optimization, predictive 

maintenance, and intelligent decision-making. Edge computing improves safety, reduces 

congestion, enhances energy efficiency, and optimizes logistics operations, resulting in 

improved transportation systems and supply chain management. 

These case studies illustrate the diverse applications of edge computing in real-world 

scenarios. From smart cities and industrial IoT to healthcare and transportation, edge 

computing is revolutionizing various sectors by enabling real-time analytics, low-latency 
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processing, and localized decision-making. These applications highlight the potential of edge 

computing to drive innovation, enhance efficiency, and deliver transformative outcomes in 

different domains. 

CONCLUSION 

8.1 Summary of Findings: In this research paper, we have explored the concept of edge 

computing in the context of IoT systems. We discussed the efficiency improvements 

achieved through edge computing, including reduced latency and bandwidth requirements, 

real-time decision making, distributed analytics, and resource optimization. Additionally, we 

examined the security enhancements provided by edge computing, such as reducing the 

attack surface, local threat detection, data encryption, and secure communication. 

Furthermore, we discussed privacy considerations in edge computing, including minimizing 

sensitive data transmission, local data processing, user control over personal information, and 

privacy-preserving techniques. 

Moreover, we highlighted the challenges and future directions in the field of edge computing, 

including resource constraints, management complexity, scalability, interoperability, and 

integration with cloud and fog computing. We also emphasized the importance of edge 

intelligence and machine learning at the edge to unlock the full potential of edge computing 

in IoT systems. 

8.2 Contributions to the Field: This research paper contributes to the field of edge 

computing in IoT by providing a comprehensive overview of its concepts, characteristics, and 

architectural aspects. It highlights the efficiency, security, and privacy benefits that edge 

computing brings to IoT systems. The exploration of challenges and future directions 

provides valuable insights for researchers and practitioners working in this area. Additionally, 

the case studies presented in real-world applications demonstrate the practical impact of edge 

computing across diverse domains. 

8.3 Implications and Future Research Directions: The findings of this research paper have 

several implications for the industry and academia. Organizations can leverage edge 

computing to enhance the efficiency, security, and privacy of their IoT deployments. The 

insights provided can guide the development of edge computing solutions that address 

resource constraints, management complexity, scalability, and interoperability challenges. 

Future research directions in edge computing include developing resource-efficient 

algorithms for edge devices, designing robust management and orchestration frameworks, 

exploring scalable architectures and interoperability frameworks, investigating integration 

strategies with cloud and fog computing, and advancing edge intelligence and machine 

learning techniques. Moreover, addressing the implications of edge computing in specific 

domains such as agriculture, healthcare, and transportation warrants further investigation. 

In conclusion, edge computing is a transformative technology that empowers IoT systems 

with enhanced capabilities and addresses critical concerns of efficiency, security, and 

privacy. By understanding the concepts, challenges, and future directions outlined in this 
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research paper, researchers and practitioners can advance the field of edge computing and 

unlock its full potential in shaping the future of IoT systems. 
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Abstract: One of the main objectives for each integrated circuit is low power design. A type of 

integrated circuit (IC) known as very large-scale integration (VLSI) is made up of countless transistors 

connected together on a tiny chip. The advancement of VLSI circuit design, such as microcontroller 

and microprocessors, has accelerated the growth of computer and communication applications over 

the past ten years. However, VLSI development is still advancing more quickly in the direction of 

power and area reduction. The paper provides a summary of the most recent approaches that have 

been created to enhance the performance of VLSI design and it outlines the future directions of the 

areas that will be focused on VLSI circuit design. 

Keywords: CMOS, leakage power, transistor reduction, logic gates, low-power circuits 

INTRODUCTION 

The power density of electronic circuits has increased even while transistor miniaturisation 

has somewhat lowered the power consumption of those circuits. Maintaining processing 

power while using less energy is the main problem of creating a low power VLSI circuit [1]. 

In a similar vein, the circuits are built to function with more new and distinctive features than 

their earlier designs. This leads to the creation of potent processors that can be used in 

applications for data processing and computer vision. As a result, the power density in the 

VLSI circuit is improved [2, 3]. 

In order to retain the scalability and dependability of the circuits without losing their nature, 

specific design techniques are used today to improve the performances of such circuit 

designs. The general benefits of using a VLSI-based circuit model are shown in Figure 1. The 

VLSI circuits are equipped with a hardware-based power maintenance mechanism since low 

power devices are crucial to extending battery life.  

Reduced power usage lowers the circuit's heat dissipation and reduces the amount of room 

needed for airflow on the circuit board [4]. A circuit's power consumption can be managed in 

two phases: the active period and the standby phase. 

ACTIVE PHASE: The power taken into account for the circuit's operation is included in the 

active phase power supply. The power needed to charge and discharge the transistor 

capacitance installed inside a VLSI circuit is generally included. As a result, CMOS logic is 

used to design VLSI circuits in order to reduce power consumption, which is done by 

minimising switching operations during operational stages. 

STANDBY PHASE: Energy used for operation and circuit leakage are combined to form the 

standby power consumption. The transistor's gate terminals allow some current to escape 
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over the circuit, which causes the circuit to dissipate heat. As a result, bi-polar circuit designs 

are frequently avoided. 

 

Figure 1. Merits of VLSI design 

The following cutting-edge techniques are used in numerous applications to reduce the power 

consumption of VLSI circuits and can be applied without significantly altering transistor 

logic [5]. 

VOLTAGE SCALING: By altering the logic level of the voltages in either direction, the 

power consumption of the circuits can be managed. The logic level should be kept at its 

lowest point during the changeover phase to reduce power usage. 

FREQUENCY SCALING: The frequency result of the circuit can also be changed in any 

direction depending on its requirements, similar to voltage scaling. The power leakage in a 

logic circuit will be reduced by making the best frequency range choice. 

CLOCK GATING: The current leakage in the non-operated logic circuits is decreased by 

removing some logic units from the circuit when they are not needed for operation. 

BIAS CONTROL: Scaling techniques are used in conjunction with the bias control 

technique to estimate the transistor voltage entry threshold. When a threshold value is used to 

adjust the CMOS voltage while it is operating, it is also described as a back scaling 

procedure. 

The list of recent techniques created to maintain low power consumption in VLSI 

architectures is explored in the section that follows. 
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LITERATURE SURVEY 

As IC modules are installed in locations without access to energy sources, the demand for 

low power VLSI devices is rising. Applications like IoT and WSN demand that their systems 

run on very low power battery sources. The list of methods proposed to handle the problem 

of VLSI modules' power requirements in various applications is explored in Table 1. 

Table 1. Survey on low power design methodologies 

First author 

name & citation 

Technique Methodology Application Outcome 

Amini-Valashani 

[6] 

 

Inverter 

logic 

modification 

Feedback 

loop 

Hybrid full 

adder 

Avg. power Proposed 

= 3.79µW 

Hybrid CMOS = 

14.32µW 

Sowmya [7] 

 

Multiple 

logic 

operation 

Transistor 

reduction 

Full adder Avg. power Proposed 

= 41.91 µW 

Existing = 21.24 µW 

Razavi [8] 

 

Markov 

random 

field 

Logic state 

optimization 

Low power 

VLSI 

circuit 

Avg. power 

Proposed = 553.59 pW 

Existing = 1129.8 pW 

Kalavathi Devi 

[9] 

Viterbi 

decoder 

utilizing a 

sleepy 

keeper 

method 

Transistor 

leakage 

current 

control 

WLAN Avg. power 

Proposed = 0.85mW 

Existing power = 

1.67mW 

Singh [10] Inverter 

logic 

Transistor 

reduction 

Hybrid full 

adder 

Avg. power = 

6.889µW 

Kumar [11] NMOS 

Stacking 

Leakage 

current 

reduction 

45nm 

CMOS 

VLSI 

circuit 

21.97µW power 

difference over VCDG 

technique 

Vidhyadharan 

[12] 

Dynamic 

Comparator 

Transistor 

ON-OFF 

Gate 

Overlap 

Avg. power Proposed 

= 1.11pW  
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 design control Tunnel FET CMOS = 154pW 

Thamaraimanalan 

[13] 

 

Delay-based 

power 

gating 

technique 

Transistor 

ON-OFF 

control 

Adders and 

multipliers 

 

Leakage power on (16 

bit adder): Proposed = 

98.65 µW 

Cai [15] 

 

18TSPC 

topology 

 

Transistor 

reduction 

 

Single 

phase flip 

flop 

27% of lower leakage 

current over TGFF 

DISCUSSION 

It has been discovered that transistor count reduction and transistor logic control are the most 

widely employed methods for lowering the power consumption on VLSI circuits. Routing 

and optimization-based control approaches are only occasionally found [6]. Similar to this, 

the performance enhancement of each proposed solution is compared to the conventional 

CMOS methodology [4, 5]. The optimisation approach and path controlling strategy are 

sometimes used to control transistor logics. 

By introducing additional transistors to keep the prior transistor's logic state stable, a sleepy 

keeper approach was discovered [12]. These approaches improve the amount of space needed 

for the VLSI circuit while consuming less power. However, a good VLSI circuit design must 

trade off reduced power usage for space and heat dissipation requirements. 

CONCLUSION 

By including more transistors and logic circuits in a microchip, VLSI circuits are built to 

handle the most difficult arithmetic operations. From a basic calculator to the most 

sophisticated neural network-based application, VLSI microchips are present. The power 

requirement of such circuits increases as a result of the constant and demanding operations. 

The microchips generate more heat with the increased power demand than they would 

normally. Thus, a variety of operational logics are developed daily to reduce the power 

consumption of VLSI circuits. The transistor reduction technique is the power-saving strategy 

that is most frequently used, according to a summary of contemporary techniques in the study 

that aim to reduce the power consumption of VLSI processors. However, it must be 

compared against the performance of recently developed designs in order to demonstrate the 

effectiveness of a developed technique. Additionally, the study found a markedly different 

performance between the simulated and practical studies. The negative side of the simulation 

setup varies slightly from the practical experiments. 
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Abstract-Our daily lives depend heavily on optimization.In many fields, including engineering and 

non-engineering sectors, there are numerous optimization problems that may need the best possible 

solution. The solution finding process for traditional optimization techniques takes longer and involves 

more iterations. Consequently, it is not practical to apply in cases when there are many variables. 

MATLAB is a powerful tool for solving a wide range of problems, from basic numerical computations 

to complex optimization Problems. This paper will explore the efficiency of MATLAB in solving such 

complex optimization problems. Whether addressing linear programming, nonlinear optimization, or 

multi-objective problems, the Optimization Toolbox provides a robust and efficient framework for 

tackling optimization challenges. 

Keywords-Optimization toolbox, LPP, NLPP, Problem-based Solver. 

INTRODUCTION 

Optimization problems are important in various fields due to their ability to maximize 

efficiency, minimize costs, improve performance, and make informed decisions. They 

involve a large number of variables, constraints, and objectives, as well as multiple, 

conflicting objectives. Additionally, they require domain expertise and an understanding of 

the problem context. Optimization is an important technique used in engineering, economics, 

logistics, supply chain management, healthcare, transportation, telecommunications, 

marketing, and environmental management. It can lead to cost savings, improved efficiency, 

reduced waste, and enhanced decision-making. It poses challenges due to complexity, 

nonlinear relationships, and conflicting objectives, but by addressing them and leveraging 

optimization techniques, researchers and practitioners can unlock efficiency gains, cost 

savings, and improved decision-making. 

MATLAB is a powerful prototyping and iterative development tool, with intuitive syntax and 

visualization capabilities. It also provides support for handling and analyzing large datasets, 

and its matrix-based approach simplifies complex calculations. It is compatible with other 

programming languages and software packages, making it a valuable tool for solving a wide 

range of problems. MATLAB's built-in functions and toolboxes enable researchers to tackle 

complex problems efficiently. As shown in Figure 1, its features and capabilities make it a 

valuable tool for solving a wide range of problems, from basic numerical computations to 

complex optimization Problems. 

mailto:shikha.tayal@gmail.com
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Fig 1- Features and capabilities of MATLAB 

MATLAB OPTIMIZATION TOOLBOX: A COMPREHENSIVE REVIEW 

The MATLAB Optimization Toolbox is an effective set of tools, methods, and algorithms 

created to tackle a variety of optimization issues. The Optimizations Toolbox provides 

academics, engineers, and practitioners with a flexible framework for handling challenging 

optimization problems successfully and quickly thanks to its wide range of features. The 

toolbox includes routines for many types of optimizations including  

• Unconstrained nonlinear minimization, 

• Constrained nonlinear minimization, 

• Quadratic and linear programming  

• Nonlinear least squares and curve-fitting  

• Nonlinear system of equation solving  

• Constrained linear least squares 

All of the toolbox functions are MATLAB M-files, made up of MATLAB statements that 

implement specialized optimization algorithms. One can extend the capabilities of the 

Optimization Toolbox by writing their own M-files, or by using the toolbox in combination 

with other toolboxes, or with MATLAB, or Simulink as shown in Figure 2. 

Optimization Toolbox has two approaches to solving optimization problems or equations: 

problem-based and solver-based. In the problem-based approach, one can use symbolic-style 

variables to create optimization expressions and constraints.This approach requires 

translation from problem form to matrix form, resulting in a longer solution time. Whereas, in 

the solver-based approach, one must place all variables into a single vector this approach 
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does not require translation from problem form to matrix form, resulting in a shorter solution 

time. Also, multi-objective problems can be solved easily by a solver-based approach. 

 

Fig 1.2- Matlab Optimization Toolbox 

Optimization Toolbox solvers are grouped into four general categories: 

Minimization:  Solvers for minimization type are used to find a minimum of the objective 

function near a starting point x0. They consist of a linear programming problem, a non-linear 

programming problem unconstrained optimization, quadratic programming, cone 

programming, etc. Table 1.1 shows the functions available for minimization problems.  

Table1-1:Minimization 

Type Function 

Scalar Minimization fminbnd 

Unconstrained Minimization fminunc, fminsearch 

Linear Programming linprog 

Quadratic Programming quadprog 

Constrained Minimization fmincon 

Goal Attainment fgoalattain 

Minimax fminimax 

Semi-infinite Minimization fseminf 
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Multi-objective minimization:  Solvers for multi-objective minimization type are used to 

find either to minimize the maximum value of a set of functions (fminimax), or to find a 

location where a collection of functions is below some specified values (fgoalattain).  

Equation solvers:  Equation solvers are used to find a solution to a scalar- or vector-valued 

nonlinear equation f(x) = 0 near a starting point x0. Equation solving can be considered a 

form of optimization because it is equivalent to finding the minimum norm of f(x) near x0. 

Table 1.2 shows the functions available for equation-solving problems.  

Table 1-2: Equation Solving 

Type Function 

Linear Equations \ (slash) 

Nonlinear Equation of One Variable fzero 

Nonlinear Equations fsolve 

Least-Squares Solvers:  Least square solvers are used to minimize a sum of squares. This 

type of problem frequently arises in fitting a model to data. The solvers address problems of 

finding non-negative solutions, finding bounded or linearly constrained solutions, and fitting 

parameterized nonlinear models to data. The table 1.3 shows the functions available for 

solving least squares or data fitting problems. 

Table 1-3: Least-Squares (Curve Fitting) 

Type Function 

Linear Least Squares \(slash) 

Nonnegative Linear Least Squares lsqnonneg 

Constrained Linear Least Squares lsqlin 

Nonlinear Least Squares lsqnonlin 

Nonlinear Curve Fitting lsqcurvefit 

Overall, the MATLAB Optimization Toolbox offers a comprehensive and versatile set of 

tools for solving optimization problems. Its rich collection of algorithms, functions, and tools, 

combined with its integration with other MATLAB capabilities, makes it a valuable resource 

for researchers and practitioners in various domains. Whether addressing linear 

programming, nonlinear optimization, or multi-objective problems, the Optimization Toolbox 

provides a robust and efficient framework for tackling optimization challenges. 

EFFICIENCY ANALYSIS 
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Comparing MATLAB's Optimization Algorithms: Efficiency is crucial when selecting an 

optimization algorithm, as it directly impacts the computational time required to find an 

optimal solution. The MATLAB Optimization Toolbox offers a diverse range of optimization 

algorithms, each with its own strengths and characteristics. Conducting an efficiency analysis 

by comparing these algorithms can provide valuable insights into their performance and 

suitability for different optimization problems.Table 1.4 shows the comparison between 

different types of optimization algorithms. 

Table 1.4 Comparing Matlab's Optimization Algorithms

 

CONCLUSION 

MATLAB provides a powerful platform for solving complex optimization problems. It offers 

a diverse range of algorithms that cater to various problem types and constraints. For linear 

programming, the simplex method and interior-point methods offer viable solutions. For 
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nonlinear programming, trust-region reflective algorithms and sequential quadratic 

programming (SQP) offer good computational time. Global optimization problems can be 

solved using genetic algorithms, PSO, or simulated annealing. 
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ABSTRACT: Technical guidelines for the integration of renewable energy sources into the grid have 

been created over the past ten years in the majority of nations in Europe, North America, and China. 

Power grid businesses or an electricity organisation. However, more nations are confirming the 

legitimacy of renewable energy grid integration rules through national legislation as a result of the 

growing scale of renewable energy output and its constantly intensifying impact on the power system. 

The grid codes for renewable energy integration in different nations are not the same because of 

variations in the structure of the power source, the characteristics of the load, the state of the power 

system, and other particular situations in different countries or areas. These technological standards 

do, however, share some similar objectives. They all emphasised that the renewable energy power 

plants must be able to control active power, reactive power/voltage, and fault ride through in addition 

to being able to endure voltage and frequency deviation in the power system. Some of the standards 

demand model data, operating parameters, and grid integration performance testing reports from the 

renewable energy power plants. This essay introduces the general focus on technical grid integration 

standards for renewable energy and attempts to examine potential problems brought on by RE grid 

integration. 

Keywords- Renewable Energy, Technical Standards, Common Focus, Grid Integration. 

INTRODUCTION 

The majority of electrical associations or power grid firms have produced technical standards 

for renewable energy grid integration over the past ten years throughout most of Europe, 

North America, and China. However, more nations are confirming the legitimacy of 

renewable energy grid integration rules through national legislation as a result of the growing 

scale of renewable energy output and its constantly intensifying impact on the power system. 

Wind power grid-connected codes that are appropriate for each country's national 

circumstances have been repeatedly issued by nations with early growth of wind power in the 

world, taking into account the influence of wind power grid-connected on the electricity 

system. The Danish ELTRA transmission business published a grid-linked rule in 2000 to set 

the technical specifications for the electricity system connected to wind farms. The National 

Grid Corporation of Ireland created a technical regulation for connecting wind farms to the 

grid in 2002. Technical guidelines for the integration of wind farms into the grid were jointly 

proposed by the Scottish Transmission and Distribution Company and the Scottish 

Hydropower Company. A grid-connected standard for connect to high-voltage power grids 

was released in 2003 by the E. ON transmission grid company, which in Germany has 

installed the most wind energy. This standard specified general technical requirements for 

power supplies, including wind energy, connected to its high-voltage power grid. Decree No. 

661, Wind Power Integration Procedures, was published in 2005 by the US Federal Energy 
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Regulatory Commission (FERC). The grid code for wind power integration in different 

nations is continually being updated and enhanced as wind power technology advances. 

On December 12, 2005, China published the national standard technical guidance document 

"Technical Rule for Connecting with Wind Farm to Power Systems" (GB/Z 19963-2005) in 

order to direct and assist the development of large-scale wind power integration. The initial 

proposal concerned the technical specifications for connecting a wind farm to the electrical 

grid. The guideline suitably lowers the technological specifications for wind farms because 

China's wind power industry is still in its infancy and is still in the early stages of growth. 

China has been leading the updating of national standards for wind power integration since 

2009. 

The revision process makes use of superior worldwide expertise and completely takes into 

account the current state of wind power development in China. The recommended national 

standard GB/T 19963 -2011 was published in December 2011 and will go into effect on June 

1, 2012. The updated grid code now includes pertinent information on wind farm active and 

reactive control, wind power output forecasting, low voltage ride through capability, testing, 

etc. It also includes suggested technical specifications and specific performance indicators for 

large wind power bases with a 1-million-kilowatt capacity. The pertinent specifications for 

dynamic reactive power are put forward. 

However, as grid integration of renewable energy grows in scope, certain new issues with 

how renewable energy operates will progressively emerge, and this will undoubtedly become 

the industry's and research's main emphasis 3720. This paper attempts to explore the 

upcoming problem brought on by the connection of renewable energy generation to power 

systems and provides an introduction to the general focus on technical standards of renewable 

energy grid integration. 

COMMON FOCUS ON RENEWABLE ENERGY GRID INTEGRATION 

TECHNICAL STANDARDS 

The grid codes for renewable energy integration in different nations are not the same because 

of variations in the structure of the power source, the characteristics of the load, the state of 

the power system, and other particular situations in different countries or areas. These 

technological standards do, however, share some similar objectives. They all emphasised that 

the renewable energy power plants needed to have specific active power control, reactive 

power, fault ride through capabilities, as well as the capacity to resist the voltage and 

frequency deviation of the power system. Some of the standards demand model data, 

operating parameters, and grid integration performance testing reports from the renewable 

energy power plants.  

1. ACTIVE POWER CONTROL 

Renewable energy generation must be controlled as an active power in order to control the 

active power that comprises an increasing number of renewable energy producing system 

functions. In order to generate electricity and balance the load, the power grid must supply 
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adequate power to the power market. The final dispatch of the power plant also takes the 

grid's need for stability and the cap on transmission capacity into account.  

Renewable energy generators can typically adjust the output between the rated power and the 

minimum power level once they have integrated power. However, there are few minimal 

operating levels for renewable energy sources, which depend on the resource's external 

conditions to generate viable output power. It is extremely different from traditional 

generator systems since the output power of renewable energy generators depends mostly on 

the availability of wind speed and solar power radiation. 

The power plant's scheduling system may regulate the production of renewable energy, and 

when sufficient resources are on hand for a higher output, the generator will limit its output 

appropriately. They have the ability to power the grid and can switch between operating at 

rated output and minimum output. However, there aren't many minimum operating levels for 

renewable energy generators, and they depend on the environment to produce useful output 

power. The plant scheduling system connects renewable energy generation by swapping 

maximum output levels. The generator will then set a limit on its power output when enough 

resources are available for a higher output. Even in power markets based on allocations of 

renewable energy priorities, managing the active power of renewable energy generators is 

ideal. This is so that they can afterwards aid in stabilizing grid congestion management. 

When a considerable portion of renewable energy is produced, active power management 

capabilities should be made available to renewable energy generators. 

These are the key issues: 

• In order to manage grid stability and congestion, the power system operator needs to link 

to the power plant dispatch. 

• Generators of renewable energy are connected to active power management, and power 

output restrictions are enforced. Therefore, facilities must be integrated into renewable 

energy systems in order to link and comply with these limitations. 

• Even in the electrical market/regulation, renewable energy generators using priority 

scheduling for renewable energy generation must offer the features of active power 

management. 

2. REACTIVE POWER CONTROL 

To keep the voltage in the system within the specified range, the power system operator 

controls the reactive power generated by the generator. Large power plants' conventional 

generators offer a variety of reactive power capabilities. Due to varying generating 

technologies, renewable energy generators themselves do not offer a comparable range of 

capabilities. In contrast, while building a renewable energy generator, the range of reactive 

power needed must be carefully taken into account, as this can significantly affect the 

generator cost. 
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In two ways, the increased reactive power capability of renewable energy producers can help 

boost the amount of renewable energy generation penetration. First, distribution networks 

may use reactive power to lessen the voltage change brought on by active power injection 

from distributed generators. When you don't need to upgrade your network gear, you can 

connect to more installed capacity, which helps cut expenditure. Second, transmission lines 

require reactive power when renewable energy output takes the place of conventional power 

plants. The huge reactive power range helps to lower the conventional operational capacity 

needed to meet voltage control requirements because it is at least on par with the greatest 

renewable energy sources. 

These are the key issues: 

• With a large reactive power capability and controllability, higher RE penetration would 

be permitted. 

• Side reactive power capability can aid in reducing the distribution system's need for grid 

reinforcement brought on by RE integration. 

• Reduced need for traditional must-run capacity in the gearbox system is made possible by 

wide-ranging RE power plant reactive power capability. 

3. FREQUENCY CONTROL 

One global parameter in a synchronous AC power system is frequency. It is possible to 

manage the balance between generation and load within a narrow range close to the nominal 

value by maintaining it at the gearbox system level. The biggest threat to frequency stability, 

as long as there is enough generating power to handle the demand, is an abrupt shift in power 

balance. This imbalance may be brought on by a failure that results in a heavy load, the 

power plant being disconnected, or a very quick shift in the output power of numerous RE 

generators spread out across the area. To continuously balance and reduce frequency changes 

in the load within the control region, the operators maintain power reserves. 

Generators for renewable energy rely on the erratic availability of the system's primary 

energy. The load must be balanced with the entire quantity of energy produced by the 

conventional power plant from the perspective of the system plant dispatcher, who has 

priority feed from renewable energy generation. The frequency control strain that the 

conventional power must endure can be reduced by modifying the power of the energy 

generator to fulfil the requirement of power balancing during interference. As a result, it 

promotes greater energy permeability while retaining the same level of frequency stability. 

The anticipated generator reaction to frequency interference relies on the type of imbalance. 

Overly high frequency indicates excessive power generation. In this situation, less power 

should be added to the system. In order to prevent a decline in load, power injection needs to 

be increased because low frequency signals insufficient power generation. 

These are the key issues: 
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• Renewable energy sources are not particularly well-suited to regulating frequency. 

However, the production of renewable energy can be used to support precautions against 

frequency interference. 

• The renewable energy generator should initially progressively reduce its power output 

while remaining connected to the grid if the frequency is too high. They must only be 

disconnected when there is enough rated frequency margin and a predetermined 

threshold. Most recommendations for the grid-connection of power produced by 

renewable energy sources now include such requirements. 

• Renewable power plants must be able to run in a reduced output mode in order to supply 

backup power at low frequencies. The abandonment of wind and light in favor of free 

primary energy is involved in this, a topic that is still being contested in the majority of 

nations due to concerns with power markets and priority supply. 

4. FAULTS RIDE DESPITE 

A power system fault is an occurrence such a cable or overhead short circuit, circuit break, 

transformer, etc. High current from a short circuit will result in immediate physical damage to 

the equipment. They are also employed to accurately detect faults. Relays that detect such 

currents and shut down the asset are used to protect grid assets. The generator in the system 

supplies the high current during a short circuit and also aids in reducing the fault's voltage-

related effects. The damaged component must be disconnected as soon as possible to avoid 

further harm. The generator itself must be connected during a fault in order to prevent any 

interference with proper fault detection. 

To keep the system's power balance after troubleshooting, the generator must also be 

connected. Therefore, the specifications for producing renewable energy are comparable to 

those for conventional generators in terms of failure behaviour. The code accurately describes 

the circumstances in which the generator must continue to be connected to the grid following 

each initial voltage drop caused by a short circuit. Additionally, an ideal function to support 

current for fault detection must be injected into RE generation above the minimal size or 

voltage level. It is always limited by the underlying technology, though. Traditional 

generators have the capacity to deliver large short-circuit currents by nature. However, it 

must be taken into account while designing the generator to supply more current from the 

renewable energy generator than the rated current. It has a direct impact on generator costs. 

These are the key issues: 

• Renewable energy generators must keep their connection times to a minimum during grid 

outages due to the growth of permeability energy and the expansion of renewable power 

plants in order to protect the power balance. 

• Due to technical restrictions, fault detection current injection levels from renewable 

energy sources are not as high as those from conventional generators. However, setting 
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reasonable minimal standards (such as capping current contributions at nominal current) 

can satisfy system needs. 

1. POWER QUALITY 

Voltage and current deviations from nominal values are related to waveform values and 

short-term fluctuations, in addition to amplitude and frequency. These variations should be 

measured using the proper techniques and categorised based on their features. These are 

referred to as power quality elements and are particular to a particular grid site and time 

interval. 

All generators have an inherent effect on at least some aspects of the power quality in their 

immediate vicinity. The effects change between a standard generator and a typical renewable 

energy generator because they depend on the technology of the generator system. In order to 

guarantee that all linked users and equipment reach a certain voltage quality level, the 

renewable energy grid code codifies regulations that relate to various aspects of the 

generator's influence. 

These are the key issues: 

• Power quality refers to a variety of phenomena that are connected to voltage waveform 

and amplitude. The power quality will be impacted by every generator. 

• The requirements for power quality would define the emission, voltage, and current 

restrictions for each asset connected to the system. 

• All generators, including those that produce renewable energy, must abide by limits 

identical to those in Section 3722 in order to guarantee that power system customers 

receive the proper voltage quality higher standard. 

NEW REQUIREMENT FOR RENEWABLE ENERGY GRID INTEGRATION 

TECHNICAL STANDARDS 

Researchers and the energy sector will be concentrating on certain new issues with the 

functioning of renewable energy networks as the size of renewable energy grid integration, 

including wind and PV power, increases. It mostly consists of the following elements. 

• The anti-disturbance capability likewise reduces at the system level as the moment of 

inertia rises. Wind and solar power generation make up more than 30% of the Northwest 

China power system and will reach 50% by 2020.The Northwest Power Grid's anti-

disturbance capacity is equivalent to a decrease of 30% and 50% since wind power has a 

low moment of inertia, PV power has no moment of inertia, and the renewable energy 

generators are not involved in frequency and voltage regulation. The current DC power 

input has surpassed 20% of the East China power grid's power generation. This ratio will 

rise to above 40% by 2020, which will result in a 20% to 40% decline in East China 

Power's anti-disturbance capacity. 
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• The system's ability to regulate its frequency and voltage is diminished, and the 

likelihood of its entire frequency voltage is increased. an enhanced event. The ability of 

the system to regulate frequency and voltage continues to deteriorate as the output of 

renewable energy sources rises. It is simple to cause the frequency issue of the entire 

system when there is low system power. At the same time, the AC grid's short-circuit 

capacity is insufficient, and its ability to impact reactive power and regulate voltage is 

declining due to the rapid growth of renewable energy's grid-connected capacity. When 

the UHV DC transmission system's operating mode changes in the Northwest Power 

Grid, the power frequency overvoltage becomes more severe. Because the UHV DC 

converter station replaces the traditional power plants in the Central and East China 

Power Grids, the voltage control capability is significantly diminished, especially when 

the UHV DC transmission system encounters a commutation failure. Voltage breakdown 

becomes more likely as a result of the AC system absorbing a significant amount of 

reactive power. 

• Wind turbines that are now plugged into the grid typically lack the capacity to ride 

through at high voltages. In the off-grid incident of the wind turbine in Northwest China 

on February 24, 2011, 274 were detached owing to low pressure and 300 were 

disconnected from excessive voltage. The risk of high-voltage off-grid of the UHV DC 

gearbox end is also exacerbated by the connecting of several UHV DC lines between the 

wind power base and the load centre. When the Hami-Zhengzhou, Zalute-Qingzhou UHV 

DC transmission line's UHV DC commutation fails, a large number of wind turbines 

close by go off-grid and experience transient overvoltages of 1.2–1.3 times the rated 

voltage. For UHV DC wind power transmission, there is a high-frequency offgrid risk as 

well. The frequency of the gearbox terminal following the bipolar blocking failure is 

lower than 52 Hz when Zalut-Qingzhou UHV DC power reaches 10 million kW, 

significantly beyond the present wind turbines. There is a chance that wind power will be 

used extensively off-grid at a level that can be tolerated. Similar hazards are present in the 

UHV DC transmission projects in Yinchuan-Shandong, Hami-Zhengzhou, 

Shanghaimiao-Shandong, etc. These risks have a significant impact on the security and 

stability of big power grids. 

• The large-capacity UHV DC gearbox system has a major dynamic stability issue. On July 

1, 2015, the subsynchronous oscillation in Tian-zhong UHV DC caused the three 

generators of the Garden Thermal Power Plant to trigger the shaft tensional vibration 

protection (TSR), resulting in a loss of 1.28 million kW overall. The AC grid 

continuously contains subsynchronous harmonic components of 16Hz–24Hz before and 

after the generator trips. The oscillation criterion is satisfied because the frequency of the 

generators shaft tensional vibration (frequency 30.76Hz) is complementary to the 

frequency of the subsynchronous harmonic component of the AC system (20Hz). The 

relevant generators have conducted study and offered solutions at various levels, but they 

haven't really identified the fundamental roots of the issues. 
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CONCLUSION 

The technological standards must be revised in order to meet the greater requirements of 

large-scale renewable energy integration. However, it is important to consider the technology 

development state of manufacturing renewable energy equipment while revising the criteria. 

The technical advancement of renewable energy generators provide the necessary direction 

for wind turbine performance to gradually improve to an advanced degree on a global scale. 

From the manufacturer's present technical perspective, it is technically possible for renewable 

energy producers to accomplish high voltage ride through or engage in system frequency 

adjustment. Future trends in large-scale development of multi-million kilowatt renewable 

energy bases and long-distance UHV DC grid-connecting will emerge as the scope of 

renewable energy growth continues to grow. The super-large-scale renewable energy base 

takes the initiative to suppress the power system's phase angle jump when reactive voltage, 

active frequency, fault crossing, harmonic and weak grid, and the direction of 

subsynchronous oscillation suppression are present in the scenario of high-ratio renewable 

energy gridconnection. The requirements for the support capability should be the main 

concern. 
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ABSTRACT: As more sensitive loads are introduced to the utility grid, power quality (PQ) is 

becoming increasingly important. The general issues associated with PQ problems in industries are 

product quality degradation, equipment damage, and temporary shutdowns. Any malfunction or 

damage to industrially sensitive loads results in monetary losses that are disproportionately greater 

than the severity of the PQ problems. A new concept known as Custom Power System devices CUPS 

was created to improve the performance of the distribution network. With the introduction of these 

CUPS, power electronics technology has replaced traditional power quality mitigation methods. DVR 

and UPQC are two of the most common power electronic controller-based CUPS DVR is a viable 

solution for the financial losses caused by PQ issues in the workplace. The DVR is the most cost-

effective of the CUPS. Only a few papers in the literature correspond to a review of DVR technology. 

This paper presents a review of the literature on using the Dynamic Voltage Restorer (DVR) to 

improve power quality. Also in this paper, the various configurations of DVR systems for single phase 

and three phases are thoroughly discussed. This review aids in the selection of a PQ improvement 

technique that is technically and economically appropriate for a specific application. 

Keywords- DVR, Power Quality. 

INTRODUCTION 

Because it determines the advantages in the intensely competitive trade environment, the 

importance of power quality is something that cannot be compromised between customers 

and power utility companies. The utility company benefits from the high quality of the power 

that is delivered to the customer. Electrical and electronic appliances may sustain damage 

from voltage disturbances and other power quality problems. In order to provide a user with 

power of a sufficient quality, numerous efforts have been made to ensure that the quality of 

the voltage magnitude and frequency are within the permissible tolerance. The system has a 

number of power quality problems, including voltage swelling, sagging, harmonic, and 

service interruption. Voltage sag and swell are the most serious voltage problems because 

they have an impact on how well the system's loads function, particularly the more delicate 

ones. Several techniques have been suggested and put into use in order to lessen the system's 

impact caused by the voltage and power quality disturbances. To account for the voltage 

difference between normal and disturbed operating conditions, techniques like D-

STATCOM, SST, UPS, and DVR are used. Due to its superior performance compared to 

other devices, the DVR is regarded as the best option for mitigating voltage sag and swell. In 

addition, DVR offers a more affordable option than other gadgets . In order to compensate for 

voltage instabilities that could damage appliances, DVR is frequently installed through a 

transformer between a network and a sensitive load. This paper presents a review of the 
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literature on using the Dynamic Voltage Restorer (DVR) to improve power quality. Also in 

this paper, the various configurations of DVR systems for single phase and three phases are 

thoroughly discussed. This review aids in the selection of a PQ improvement technique that is 

technically and economically appropriate for a specific application. A power electronic 

device called the DVR is used to inject voltage in parallel with a distribution feeder in order 

to balance out voltage sags and swells. Active and/or reactive power should be added to the 

distribution feeder in order to restore the load voltage. This essay will discuss various power 

quality issues and introduce the DVR custom power device for addressing them. 

POWER QUALITY 

Any power issue that results in voltage, current, or frequency deviations that cause customer 

equipment to malfunction or fail. There are many different types of power quality issues; 

each of these issues may have a number of different causes, effects, and solutions that can be 

used to enhance the power quality and performance of equipment. 

Power Quality Issues: 

TRANSIENT: A transient is a quick, low-power frequency change in a voltage, current, or 

both steady-state condition. caused by lightning, turning on or off large machinery, 0.5 back-

to-back capacitor energization, and the results of this are Tripping, Processing Error, Loss of 

Data, and Need for Hardware Reboot component malfunction. 

VOLTAGE SAG: A sag is a decrease in rms voltage or current that occurs at the power 

frequency for periods ranging from 0.5 cycles to 1 minute and is caused by the starting of 

large motors, the energizing of heavy loads, and improper VAR compensation. faults in the 

distribution or transmission network. Error, shrinking screens on displays, equipment 

shutdown, and memory loss are some effects of this. 

VOLTAGE SWELL: A swell is defined as an increase in rms voltage or current of between 

1.1 and 1.8 pu for periods ranging from 0.5 cycle to 1 minute at the power frequency. Bright 

lights, data errors, racing or blinking of the digital clock are the results of energising a large 

capacitor bank, turning off a large load, and incorrect VAR 0.5 compensation. 

VOLTAGE INTERRUPTION: An interruption occurs when the supply voltage or load 

current drops to less than 0.1 pu for a duration of no more than one minute. This can be 

caused by faults (short circuits), equipment failures, insulator failures, lightning, control 

malfunctions, and other factors. Device failure, lost programming, computer shutdown, and 

disc drive failure. 

HARMONICS: Harmonics are integral multiples of some fundamental frequency that, when 

added together, results in a distorted waveform. caused due TO IT equipment, fluorescent 

lighting and any non-linear load such as variable frequency drives, Electro- Magnetic 

Interference from appliances, SMPS and effects of this is Line current increases, Higher 

losses Transformer and neutral conductor overheating, leading to reduced equipment life 

span, instruments malfunctioning. 
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Substitutes used for improving power quality: There are numerous available custom 

power devices, each with their own advantages and limitations: Uninterruptible Power 

Supply (UPS), Static Electronic Tap Changers (SETC), Solid State Fault Current Limiter 

(SSFCL), Static VAR Compensator (SVC), Thyristor Switched Capacitors (TSC), Battery 

Energy Storage Systems (BESS), Distribution Series Capacitors (DSC), Solid-State Transfer 

Switches (SSTS), Surge Arresters (SA), Super Conducting Magnetic Energy Systems 

(SMES), Active Power Filters (APF) (DVR). When it comes to reducing the effects of 

voltage disturbances on sensitive loads, DVR is regarded as an effective and efficient custom 

power device. Reactive power compensation and harmonic compensation are additional 

features of DVR. 

Dynamic Voltage Restorer (DVR): Dynamic Voltage Restorer (DVR) is a series-connected 

solid-state device that adds extra voltage to the system to control the load side voltage to the 

desired magnitude and waveform even when the source voltage is unbalanced or distorted. 

 

FIG 1: Structure of DVR 

VDVR = 𝑉𝐿 + ZLIL+ VS 

Where ZL is the load impedance, IL is the load current, VS is the system voltage, and VL is the 

desired load voltage magnitude (during faulty condition) 

IL=(P+jQ)/VL 

When VL is considered as a reference equation can be written as 

VDVR ∠𝛼 = 𝑉𝐿∠0 + ZLIL ∠ (β − θ) + VS∠δ 

Where α = angle of VDVR, β = angle of ZL, δ = angle of VS and θ is load power angle. 

The complex power injection of the DVR can be written as 

𝑆𝐷𝑉𝑅 = 𝑉𝐷𝑉𝑅 𝐼𝐿∗ 
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Table 1: The components of the DVR's descriptions 

Sr. No. Component Description 

1 
Energy 

Storage 

Supercapacitors, batteries with superconducting magnetic 

energy storage, lead-acid batteries, and flywheels are a few 

examples of the types of energy storage that are commonly 

considered for DVR because they are highly responsive during 

the charging and discharging process. 

2. VSI 

It is necessary for the inverted voltage to be balanced, pure 

sinusoidal, and timed to the system voltage in order to convert 

the DC supply from the energy storage to the AC supply of the 

distribution network. 

3 Filter circuit 
In order to preserve the integrity of the compensated voltage, it 

is necessary to filter out any harmonics produced by the VSI. 

4 
Bypass 

switch 

Upon detecting an excessive current flow, the switch bypasses 

the current from the DVR circuit to protect it from the 

overcurrent, preventing high current from passing through the 

DVR circuit in the event of a system fault. 

5 
Injection 

Transformer 

Increasing the compensation voltage derived from the VSI's 

output to match the distribution network's voltage level. It 

serves as a barrier between the distribution network and the 

DVR. 

TECHNIQUES OF DVR'S VOLTAGE INJECTION/COMPENSATION 

Phase angle and magnitude are important factors in controlling a DVR for voltage injection. 

Three different compensation techniques could be used to provide the necessary voltage 

supply. 

Pre-sag compensation: The pre-sag compensation method used for the DVR application is 

shown in Figure 2. By restoring the magnitude and phase of the voltage prior to the 

occurrence of the voltage sag, this method compensates the variance of sagging voltage with 

pre-sag voltage. The voltage of the system before the disturbance is represented in the figure 

by Vp-sag. The voltage and phase angle both decreased to Vsag and θsag after the voltage 

disturbance. This method injects the voltage magnitude VDVR and the phase angle θDVR to 

the system in order to make up for the system's loss of the Vsag and sag during the 

disturbance, respectively. Compared to other approaches, this pre-sag compensation method 

requires a relatively higher magnitude of voltage injection. As a result, when voltage sags, the 

active power requirement is quite high. This method is typically used with appliances like 

thyristor-type converters that are sensitive to phase angle shift. This method uses DVR to 

maintain the load voltage phasor at its pre-disturbance level. For non-linear loads that are 

susceptible to phase angle jumps, this compensation strategy is advised. Both the voltage sag 

and the phase jump are restored. At the load side, it prevents any circulating or transient 

current. During compensation, it requires active power. 
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FIG 2: Pre-sag compensation technique 

In-phase Compensation: The DVR's in-phase voltage compensation method is depicted in 

Figure 3. In contrast to the previous method, the DVR in this one injects the voltage 

magnitude VDVR without compensating for the phase angle θ𝐷𝑉𝑅. This method only makes 

up for the decreased voltage magnitude. As a result, it is appropriate for linear loads that don't 

need phase angle compensation. The method supplies the load with the lost voltage 

magnitude VDVR when the magnitude of the voltage supply decreases as a result of the 

voltage disturbance. 

 

FIG 3: In-phase Compensation technique 

In-phase advanced or Minimum Energy compensation technique: The minimum energy 

compensation method of a DVR is represented by the magnitude and angle representation in 

Fig 4. The method injects the required voltage magnitude VDVR with a 90° phase angle to 

the load based on the diagram. Following a voltage disturbance in the system, the system 

voltage Vpre-sag∠θpre-sag falls to the Vsag∠0°. After detecting the voltage disturbance, the 

DVR raises the voltage to Vcomp and injects the required VDVR 90° into the system. 

Although the method does not involve actively injecting power into the system, the injected 

voltage may necessitate the use of a transformer and inverter with a higher rating in order to 

balance out the voltage disturbance in the system. As shown in the figure, the VDVR 

required for the pre-sag and in-phase compensation methods shown in Figures 2 and 3, 

respectively, is relatively higher than the VDVR shown in Figure 4. This method advances 

the voltage so that the line current and injected voltage phasor are parallel. The capacity of 

the energy storage device may become a limiting factor in the compensation in cases of pre-
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sag and In-phase where the DVR is required to insert real power into the defective line during 

the compensation period. The DC link, one of the most expensive components of the DVR, is 

where the real power is stored. The fundamental goal of energy optimization method is to 

make the injection voltage phasor perpendicular to the load current phasor, which will result 

in zero injection real power component. With this method, the system's load current and 

voltage values are fixed, allowing us to change only the phase of the sag voltage. Reactive 

power is only used during compensation, and since it is electronically produced by the 

voltage source inverter (VSI), a higher VSI rating is needed. 

 

FIG 4. In-phase advanced or Minimum energy compensation 

TYPES OF DVR CONTROL STRATEGIES 

The active and reactive power control strategies used by a DVR to mitigate system power 

quality issues are crucial to the device's operation. The VSI is the primary target of the DVR's 

control strategies. Numerous VSI control strategies have been reported in the literature. The 

linear and non-linear control subcategories of the DVR's control strategies are distinguished 

in this paper. The type and sensitivity of the load in the system determines how the DVR 

control strategies are taken into account. 

Linear Control Strategy: The linear Control strategy also known as conventional control 

method they are basically of three type feedforward, feedback, and hybrid. The most popular 

technique used in DVR is feedforward control. By measuring the difference between the 

system's pre-sage and real-time voltage using an open-loop system, the method reduces the 

impact of the power quality issue. The method is well-liked because it is straightforward, 

inexpensive, and quick even though it is not as accurate as other control methods. Therefore, 

less sensitive and less critical load mitigation is preferred over other, more sophisticated 

methods. By comparing the load voltage to the reference voltage, the feedback method adopts 

a closed-loop control strategy. In terms of accuracy in power quality mitigation, the method 

performs better than the feed-forward method. The method, however, is more intricate and 

takes longer to deliver the required control response. The hybrid control method, on the other 

hand, combines the benefits of both feed-forward and feedback control strategies. The 

simplicity and cost of the controller are sacrificed in favour of the composite control method's 

improved accuracy of power quality compensation. 
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Table 2: Comparison of linear controllers 

Parameters Feed-forward Feedback Hybrid 

Measures Grid Voltage Load Voltage Combination of both 

Time Response fast medium 

It has strength of feed-

forward and feedback 

both. 

Ess high Can eliminated 

stability good Not good 

Switching 

harmonic 

Doesn’t enter 

control 
Enter control 

Compensation of 

Asymmetrical. fault 
slow good 

Non-linear control: Because of the power semiconductor switches in the inverter circuit, the 

DVR is a non-linear device. Given that the DVR is a non-linear system, it would seem that 

the nonlinear controller would be more appropriate than the linear type. The operating range 

in which linear control is effective is finite. Typically, a traditional controller has only 

covered a small portion of DVR applications.  

The DVR's linear control cannot keep up with the constantly changing operating conditions at 

higher levels of the distribution network. The nonlinear control is therefore thought to deal 

with this problem. As a result, a number of non-linear control methodologies for the DVR are 

reported in the literature that make use of artificial neural networks (ANN), fuzzy logic, and 

space vector pulse width modulation (SVPWM).  

In order to effectively solve a complex engineering problem, ANN is currently being 

considered in all engineering topics. The primary advantage of this method is its capacity to 

mimic human or complex system decision-making. For the nonlinear control of the DVR 

application, several studies have been reported that use ANN. 

Fuzzy Logic (FL): In cases where precise mathematical formulations are not practical, Fuzzy 

Logic controllers are a desirable alternative. It can be used to significantly reduce PWM's 

tracking error and transient overshoots. The FL controller's properties, however, are 

extremely vulnerable to overlapping and changing fuzzy set shapes. 

Space vector pulse width modulation (SVPWM): In SVPWM, we substitute the original 

Sinusoidal PWM with a voltage inverter space vector of the switch to obtain a quasi-circular 

rotating magnetic field, improving switch over performance under low switching frequency 

conditions.  

The SVPWM technique is one of the most sophisticated and computationally intensive PWM 

techniques available today. SVPWM is employed due to its simpler implementation and 

improved dc bus utilisation. SVPWM is used to reduce the DVR's performance's dependence 

on the load voltage's negative sequence component. 

Artificial Neural Networks (ANN): The ANN's adaptive and self-organizing capabilities 

enable it to provide increased interpolation precision. Without a mathematical model, it can 

establish a nonlinear relationship based on input and output. The performance of ANN varies 

with the number of training data and the structure of the neural network considered. Unlike 
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the ANN, the fuzzy logic controller has proved itself in replacing the conventional controller 

in practice. 

CONCLUSION 

A brief literature review on DVR configurations and its control strategies is conducted in this 

paper. Different power quality issues, such as voltage harmonics and voltage sag/swell 

compensation, can be solved by choosing any one of them. Energy conservation, fewer parts 

and losses, minimal power injection, reduced rating, and mitigation of specific harmonics 

must all be prioritised in order to enhance DVR performance.  
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ABSTRACT: Within the past decade, since impediments in nonrenewable fuel sources and the 

contamination they cause, utilizing green energies, such as those that are sun-oriented, in tandem with 

electric vehicles, is a developing slant. Coordinating electric vehicle (EV) charging stations with 

sunpowered boards (PV) reduces the burden of EV charging on the control framework. This paper 

presents a state-of-the-art literature review on remote control transmission frameworks for charging 

the batteries of electric vehicles utilizing sun-based boards as a source of power generation. The goal 

of this research is to advance knowledge in the wireless power transfer (WPT) framework and explore 

more about solar-powered electric vehicle charging stations. To do this, a variety of solar-powered 

electric vehicle charging station types are thoroughly studied. Following a study of many framework 

elements, the types of WPT components are explored in a different section. Within the wireless power 

transmission framework for solar-powered electric vehicle charging, compensators and various coil 

structures are also investigated, along with the advantages of each coil over the others. This study also 

discusses the use of artificial intelligence (AI) in WPT frameworks and highlights the important aspects 

of developing an AI model. 

Keywords: wireless power transmission; electric vehicle charging; photovoltaic system; artificial 

intelligence; solar energy 

INTRODUCTION 

Due to the growing demand of consumers worldwide, the need for electricity generation has 

increased [1]. At the same time, rising natural gas prices and regulatory emphasis on limiting 

greenhouse gas emissions have increased the cost of generating electricity using fossil fuels 

[2]. Because of this, there has been an increase in the usage of alternative energy sources for 

providing electricity, such as the solar power produced by solar systems. Utilizing EVs is 

another action to take to reduce air pollution. However, it needs to be considered that they 

only go a short distance on a single charge. Electric vehicles require charging stations for 

their batteries, as was previously mentioned. The most common and secure method of 

charging an electric vehicle is with a wire connected to the grid; however, the focus of this 

article is on the use of renewable energy sources, such as solar power, as a power generation 

source for wireless power transfer (WPT) technology. To avoid the drawbacks of using 

cables for charging, WPT can also be employed [3,4]. The structure of the charging stations, 

as well as their problems and potential solutions, are discussed in the following. 

Fig. 1 illustrates the general state of charge of an electric car wirelessly using a photovoltaic 

panel [2]. Solar cells and the controller section are two of the most crucial parts of the 

charging station. It is not feasible to obtain the maximum power from the solar panels at the 

output, due to weather conditions, shadows, the location of the sun according to the solar 
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panel, and other variables. However, we can obtain and transmit the maximum power from 

the solar cells to the output by using maximum power point tracking (MPPT) algorithms. 

 

Figure 1. Overview of wireless charging powered by a solar panel. 

The Perturb and Observation (P&O) method, which compares the voltage and current in 

every moment and the moment before and chooses the optimal value, is one of the most 

common and straightforward approaches in this subject. Another important component is 

converters, which can change the voltage level to the desired value. It falls into two broad 

groups, DC–DC and DC–AC converters, both of which are important. The best and most 

widely used converter is the buck/boost converter. 

As previously mentioned, the losses that impact the system’s efficiency are the main problem 

with power transmission; hence, several resonates are utilized to create resonances, and the 

best of them is LCC resonance. Using various coil structures—which can be referred to as a 

circular structure, instead of the standard ones—is another technique to increase system 

efficiency, and after performing the above process, we can raise efficiency up to 90%. After 

transferring power to the secondary coil, an alternative voltage, that is, DC, is required. To 

accomplish this task, due to the high-frequency system, a high-frequency rectifier is required. 

Next, the voltage must be changed to a suitable voltage for the energy storage used in EVs. 

For EVs, lithium-ion (Li-ion) is frequently used, as it has a higher power density than lead-

acid or nickel-cadmium rechargeable batteries. A DC–DC converter can be employed to do 

that. We can then wirelessly charge EVs using a solar panel after completing this method. 

Solar energy and electric cars may be utilized to minimize air pollution, which is a highly 

serious issue in recent years, owing to air pollution and the limited supply of fossil fuels [5]. 

Additionally, due to their limitations in storing energy and traveling short distances, electric 

vehicles need charging stations to be able to provide the energy required for electric vehicles 

to travel long distances. There are many ways to charge an electric vehicle, known as AC and 

DC charging modes [6]. Table 1 summarizes the types of charges available for electric 

vehicles. Since there are several sorts, each of which needs cables and unique converter heads 
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to charge, technology has advanced to the point where it is now possible to transmit 

electricity wirelessly, as is covered below. 

Table 1. Electrical quantities and types of charging methods [7]. 

 

Here, the induction wireless power transmission mode—which has issues, such as power 

losses—is investigated for charging all-electric vehicles, in order to do away with various 

types of cables and unique converter heads. The properties of various resonants are 

holistically discussed in [4], and for gaining the maximum power output from the solar panel, 

MPPT is employed (one of the simple and efficient method is P&O [8]). 

1. This article focuses on analyzing the methods and techniques required to wirelessly 

transmit power for electrical cars that use solar energy as a clean energy source. The 

objectives of the research are as follows: 

2. The article begins with a discussion of photovoltaic systems, looking at grid-connected 

and off-grid options, and then looking at maximum power point tracking to maximize the 

amount of electricity generated by solar panels. This study also investigates energy 

storage to determine the best type of storage to save energy and minimize losses. 

3. The study will explore several wireless power transmission techniques, including static 

and dynamic stations, to identify the distinctions and benefits of each station. 

4. The paper will discuss coil structures to take into account the optimal and efficient 

structure for coils to prevent power loss, as well as to maintain safety due to magnetic 

waves, which are harmful to people. By reviewing these structures, the paper hopes to 

increase the efficiency and reliability of power transmission. 

5. The evaluation of artificial intelligence applications used in WPT, whose primary 

objectives are to speed up computation, identify faults, and improve efficiency, is the last 

target of this article. 

The architecture of the paper is organized as follows: Section 1 represents an introduction of 

wireless charging for electric vehicles utilizing solar cells. Section 2 discusses the 

fundamentals of the photovoltaic system and its components, as well as the various types of 

electric vehicles. The types of wireless power transmission, types of coil topologies, and their 

outcomes will all be covered in this section, as well. Section 3 will describe the use of 
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artificial intelligence in WPT systems, along with the key factors that go into creating an AI 

model. We will review, wrap up, and make suggestions for further research in the fourth 

session. The final section will present the conclusion. 

2. Wireless Charging Station for Electric Cars Using Solar Energy 

In general, all types of charging stations will be divided into two distinct categories: static 

and dynamic. However, first, a look at solar systems is had before discussing different kinds 

of charging stations. 

2.1. The Solar Power Generation System: According to Figure 2, a solar system has three 

primary components, and an energy storage system would make it four if we included it: 

 

Figure 2. Overview of a grid-connected photovoltaic system (a) and off-grid system (b). 

• Photovoltaic array; 

• DC–DC converters; 

• MPPT system; 

• Energy storage system. 

2.1.1. Photovoltaic Systems: The phenomenon by which the radiant energy of the sun is 

converted into electricity without the use of mechanical mechanisms is called the 

photovoltaic phenomenon. In general, photovoltaic systems are classified into two groups, 

according to their application: grid-connected units and off-grid units. 

Photovoltaic Systems Connected to the Grid: In a grid-connected system, electricity 

generated from solar energy will be injected into the national grid. Photovoltaic systems 

connected to the national grid are centralized or decentralized to strengthen the national grid 

and prevent electrical pressure on power plants during the day, and more details about PV 

market could be found in [9]. The advantages of this system include easy installation and 

setup, high efficiency, and no need for complex peripherals. Figure 2a shows a grid-
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connected photovoltaic system. Typically, this system does not require a battery to store 

electrical energy, but sometimes, energy storage devices, such as batteries, are utilized to 

improve network reliability. Therefore, the grid-connected systems of global electricity can 

be classified into two groups, with a storage system and without a storage system [10]. 

Grid-Independent Photovoltaic System: The off-grid system is illustrated in Figure 2b. In 

unfavorable weather conditions, it is necessary (or required) for the energy storage system to 

be able to feed the entire load of the system for several days. These devices are typically 

utilized in places where there is no access to the national power grid or where it is expensive 

to connect. For example, in mountainous telecommunication bases, nomadic areas, rural 

cottages, and to meet the electrical needs of areas that do not have a national electricity grid 

in general, a grid-independent photovoltaic system can be used [11]. The conceptual 

foundation and environmental impact of PV systems are covered in further depth in [12,13]. 

2.1.2. DC–DC Converter: Converters play a major role in the photovoltaic system, which is 

responsible for changing the voltage and current to the expected value. DC–DC converters 

can be divided into two types of reducers and boosters [14]. The aid commands the switches 

to turn on and off, and the circuit operates to reach the expected voltage level. Figure 

3 represents the electrical circuit of the buck converter: 

 

Figure 3. Buck converter circuit. 

As mentioned in Figure 3, the circuit has a duty cycle that is obtained from the following 

equation: 

𝐷=𝑇𝑜𝑛𝑇𝑜𝑓𝑓=𝑉𝑂𝑉𝑖𝑛�=�������=�����    (1) 

in which 𝑇𝑜𝑛��� is the time for the switch to be on, 𝑇𝑜𝑓𝑓���� is the time for the 

switch to be off, 𝑉𝑂�� is the output voltage, and 𝑉𝑖𝑛��� is the input voltage. 

2.1.3. Maximum Power Point Tracking Methods: The non-linearity of the solar cell output 

characteristic, as well as the fluctuation of light radiation and even cell temperature, are some 

of the problems that hinder solar panels from operating at their maximum power point. As a 

result, a system for controlling solar cells must be taken into consideration. This system 

should not only position the solar cell at its best working point but should also be able to 
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continuously track the maximum point of the system’s maximum transmission power in the 

event that this point changes due to the weather conditions and position the solar cell there. 

This type of continuous following is called the maximum transmission power. The task of the 

MPPT algorithm is to find the actual maximum power point and track it. It should be noted 

that, in some cases, especially in conditions of non-uniform radiation, several local maximum 

points may occur; but there is only one real maximum point. Different ways have been 

suggested to pursue maximum power [15]. There are two types of algorithms for MPPT, 

conventional and intelligent. One of the most widely used conventional methods that has 

been considered in this research is the perturbation and observation method, and one of the 

intelligent algorithms of MPPT is fussy logic [16]. 

Perturbation and Observation Method (P&O): The basis of this algorithm is to create a 

disturbance in the operating cycle of the electronic converter of power and consideration and 

its effect on the output voltage of the array (PV) (Figure 4). Disturbance in the power cycle 

of the electronic power converter will lead to disturbance in the current of the PV array and, 

consequently, the disturbance of the voltage of the solar array. 

 

Figure 4. Perturb and observation control system. 

If we are on the left side of the MPPT, increasing the voltage causes an increase in power, 

and vice versa, if we are on the right side, increasing the voltage causes a decrease in power 

(Table 2). 

Table 2. Performance of P&O control method [17]. 

 

According to the table, and according to this algorithm, if an increase in power is observed, 

the perturbation should stick in this path to reach MPP, and if the power falls, the 

perturbation should be in the opposite direction. This process should be repeated over and 

over until we reach MPP [18]. One of the problems with the P&O algorithm is that it does not 
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perform well in the face of rapid climate change. This is shown in Figure 5. In constant 

weather conditions, changes A in PV voltage, move the working point to B, and due to the 

fall in power, the disturbance signal is reversed. In this case, the radiation level is increased, 

and the curve is transferred from P1 to P2 in the same time interval. The working point is 

shifted from A to C, an increase in power is observed, and the perturbation continues in this 

direction. Therefore, the working point moves far away from the MPP point, and if the 

radiation level increases, the algorithm diverges [19]. 

 

Figure 5. Performance of the P&O method in the face of climate change. 

However, the P&O algorithm to extract the maximum output power of the solar panel might 

be a significant and effective method, among the numerous methods of maximum power 

tracking, due to its simple algorithm, high reliability, and quick tracking [20]. For a better 

understanding of the P&O method, the flowchart of this method is shown in Figure 6. 

 

Figure 6. Perturbation and observation method algorithm. 
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Fussy Logic (FL): Using FL for MPPT prepares several benefits. A number of them are to 

track the MPP with high precision, not be influenced by disruption of the inputs, and work 

independently and unpredictably [21,22]. The FL algorithm includes three steps. In the first 

step, fuzzification, numerical data are converted into linguistic values with the help of the 

membership function. There are five levels: Z (zero), NS (negative small), PS (positive 

small), NB (negative big), and PB (positive big) [23]. The FL method inputs generally 

contain functions that express the error (E) and change in error (ΔE); questions are given 

below: 

𝐸=𝑃𝑝𝑣(𝑡)−𝑃𝑝𝑣 (𝑡−1)𝑉𝑣𝑝(𝑡)−𝑉𝑣𝑝(𝑡−1)�=���(�)−��� (�−1)���(�)−���(

�−1) 

(2) 

Δ𝐸(𝑡)=𝐸(𝑡)−𝐸(𝑡−1)��(�)=�(�)−�(�−1) 

(3) 

where 𝑃𝑝𝑣��� is the output power of the PV panel, 𝑉𝑣𝑝��� is the voltage of the 

photovoltaic panel, E is the error, Δ𝐸�� is the error difference, and t is time. 

In the second step, the rule table, inputs are processed and a decision is made. In the last 

stage, defuzzification, linguistic data is converted to clear data [24]. 

2.1.4. Energy Storage: Storages may be utilized as a component of a photovoltaic system to 

supplement solar energy during times of low solar output or at night. Storages are also used 

as batteries in electric vehicles to power the car. There are different types of storage devices, 

which we see in Figure 7, comparing the life and efficiency of storage devices [25]. 

 

Figure 7. Types of storage devices according to operating time and efficiency [25]. 
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As can be seen, the best types of energy storage are lithium-ion batteries and supercapacitors, 

which have been used recently in [26] and [27]. Lithium-ion batteries, as one of the storage 

unit types, are usually employed in electric vehicles as energy storage and power supply, 

which have advantages such as low volume, high durability, and good efficiency. 

2.2. Wireless Electric Vehicle Charging Systems 

2.2.1. Static: The static wireless electric vehicle charging systems (WEVCS) initial 

arrangement is represented in Figure 8. Additional power converters and circuits are installed 

together with the primary winding beneath a road. Typically, the secondary coil or receiving 

coil is positioned underneath the EVs, either in the front, back, or center. The received 

electricity is converted from AC to DC using a high-frequency rectifier and transferred to the 

battery bank. Due to some safety issues, the controller and battery management systems are 

employed to get feedback from the system. The amount of power coming from the source, 

the size of the charging pad, and the space between the two coils all affect how long it takes 

to charge. We can install static-WEVCS in parking’s, garages, homes, commercial buildings, 

and shopping centers, with an average distance of around 150 to 300 mm between light 

electric vehicles [28,29,30,31]. This kind of wireless charging station is seen in Figure 8; a 

solar power plant has been set up nearby that uses MPPT technology to boost power output. 

Because the energy generated by solar panels is DC, it must be converted to AC for wireless 

power transmission. A converter is needed to change the system’s electricity from DC to AC, 

so that the car can be charged. The output of this converter is given to a compensator to 

increase efficiency. Another compensator is placed in the receiver coil. A compensator is 

employed to minimize the phase between the voltage and current, as well as to minimize the 

reactive power in the system [4,32]. In fact, a compensator is needed to increase the 

efficiency and useful transmission power [33]. In addition, a rectifier converter is placed to 

convert AC to DC electricity to charge the electric vehicle battery (recent developments with 

rectifiers can be found in [33]). 

 

Figure 8. Static wireless electric vehicle charging system schematic. 

https://www.mdpi.com/1996-1073/16/1/282#B26-energies-16-00282
https://www.mdpi.com/1996-1073/16/1/282#B27-energies-16-00282
https://www.mdpi.com/1996-1073/16/1/282#fig_body_display_energies-16-00282-f008
https://www.mdpi.com/1996-1073/16/1/282#B28-energies-16-00282
https://www.mdpi.com/1996-1073/16/1/282#B29-energies-16-00282
https://www.mdpi.com/1996-1073/16/1/282#B30-energies-16-00282
https://www.mdpi.com/1996-1073/16/1/282#B31-energies-16-00282
https://www.mdpi.com/1996-1073/16/1/282#fig_body_display_energies-16-00282-f008
https://www.mdpi.com/1996-1073/16/1/282#B4-energies-16-00282
https://www.mdpi.com/1996-1073/16/1/282#B32-energies-16-00282
https://www.mdpi.com/1996-1073/16/1/282#B33-energies-16-00282
https://www.mdpi.com/1996-1073/16/1/282#B33-energies-16-00282


INTEGRATED SOLUTION: SEM 2023  ISBN: 978-81-961781-0-9 

88 

2.2.2. Dynamic: Plug-in or battery electric vehicles (BEVs) suffer from two major 

problems—cost and range. To increase the range of distance with fully charged electric 

vehicles, they must be charged continuously or often need to install a larger storage unit 

(which leads to additional problems such as cost and weight). Additionally, a common 

charging method for EVs is not cost-efficient; so, for the problem, we can use a dynamic 

wireless charging system for electric vehicles (D-WEVCS), which is known as an “electric 

road”. Research shows that this method can reduce the problem range and cost of electric 

vehicles. Primary coils are positioned and spaced in the road with a high voltage, high 

frequency AC source, and compensation circuits to the microgrid and/or renewable energy 

system (RES). The secondary coil similar to static-WEVCS is located below the car and is 

used to receive the magnetic field generated when electric vehicles (EVs) pass the 

transmitter. Then, the magnetic field is converted to the DC charge by the power converter 

BMS. The Possibility of frequent charging of electric vehicles reduces the storage unit size; 

the need is almost 20%, compared to the current EVs [32]. The dynamic wireless charging 

station system is similar to the static one, with the difference being that the number of 

transmitter coils is usually more than in the static mode. Therefore, all of the static charging 

station system’s stages apply to the dynamic station, as well. A dynamic wireless charging 

station for electric cars using solar panels is shown in Figure 9. 

 

Figure 9. Basic diagram of dynamic wireless electric vehicle charging system. 

2.3. Electric Vehicle Connection Type to Grid Models: Electric vehicles can be divided 

into different modes when connected to the charging network, as follows: Grid to vehicle 

connection mode (G2V); Vehicle to grid connection mode (V2G). 
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With the increase of electric vehicles and their batteries, we need to charge them, and because 

of that, the extra load is added to the distribution network. The distribution network will 

suffer if this load imposition happens during peak hours, leading to higher losses and voltage 

decreases [34]. Additionally, by developing smart grids with online control, the two-way 

power exchange capability of electric vehicles, and especially the V2G discharge capability 

of vehicles, can be used. G2V is also used when solar energy is low and the number of cars to 

charge is high [35], as shown in Figure 10. 

 

Figure 10. Figure Car connection to the network and vice versa. 

2.4. Wireless Power Transmission: Wireless power transmission (WPT) is used for this 

purpose. Here, we examined different coil structures, such as circular structure and DD, as 

well as DDQ, which are proposed by researchers at Auckland University [35], in which the 

DDQ structure has shown better performance than other structures. We also list the 

compensators and compare them to determine which one is the best; the SS compensator 

performed well, while simplicity was taken into consideration. There are different ways to 

transmit wireless power, which can be transmitted by radio waves or electromagnetic waves. 

The focus on electromagnetic waves for wireless power transfer changed as 

electromagnetism science developed and radio waves were found to be feeble. 

Later, with the advancement of science in the field of power transmission, they tried to 

reduce the dimensions and safety more. They also tried to reduce losses at short distances. 

Resonance induction is the most popular method for wireless power transmission at short 

distances nowadays. It was developed by MIT University in 2007 and was designed to 

enhance the effective distance of power transmission and increase efficiency [36]. As of now, 

their thoughts are focused on minimizing power losses and boosting the transmission power 

under consideration. 
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British scientist Michael Faraday contributed to advance the electromagnetic field by creating 

Faraday’s law of induction. This rule outlines the process through which electromagnetic 

induction or EMFs are produced. The so-called electromagnetic force voltage (Vemf), as stated 

in Equation (4), is created by varying the flux by the temporal change multiplied by the 

quantity of windings in the coil. 

𝑉𝑒𝑚𝑓=−𝑁𝑑𝜑𝑚𝑑𝑡����=−������ 

(4) 

where N is the number of turns of the coil, and dφm is the change in magnetic flux [37]. 

Wireless power transmission has different types that can be divided as follows, which is 

shown in Figure 11 [38]: 

 

Figure 11. Types of wireless power transmission. 

Induction wireless power transmission: Capacitive coupling wireless power transmission. 

This study focuses on power transmission at close distances. 

Induction wireless power transmission mode: Induction Power Transfers (IPTs) are 

commonly used to transmit power wirelessly, and they have problems. Problems of this type 

of induced wireless power transmission can be called eddy current losses. The advantages of 

this type of transmission include safe power transfer on a rainy day, long life, and high 

reliability [39]. Figure 12 depicts a schematic of induction WPT. 
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Figure 12. Induction wireless power transmission. 

Capacitive coupling wireless power transmission mode: This model’s field coupling, also 

known as capacitive power transfer (CPT), offers some advantages. This method overcomes 

the restriction that magnetic energy cannot pass through a metal shield or plate and achieves 

this while also reducing energy losses, keeping magnetic field interference at a reasonable 

level, and avoiding field interference. It makes the system operate in a saturated state, a 

strong magnetic field, and also when there is an electric field present [39]. However, this 

mode of power transmission can be very dangerous for humans, due to the sudden discharge 

of high voltage of this type of power transmission. We see an example of this in Figure 13. 

 

Figure 13. Capacitive wireless power transmission. 

Additionally, for the long-distance power transmission mode, we will only discuss the 

microwave mode, which is more useful in the field of telecommunications. This type of 

power transmission is performed using high-power antennas, which can be seen in Figure 14. 
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Figure 14. Microwave power transmission. 

2.4.1. Important Factors in Wireless Power Transmission: The resonators used should be 

as light as possible and have low sensitivity to displacement. In addition, these resonators 

should be able to operate at an average air distance of about (10–20 cm). One of the suitable 

methods for increasing efficiency is the coupling coefficient and the quality coefficient, 

which is possible with the proper design of the complex structure of the resonator (wires). To 

achieve high efficiency, the coupling coefficient k and the quality coefficient Q must be 

large. In general, the coupling coefficient increases as the air gap increases. If the increase in 

efficiency is achieved by increasing the power, it cannot be a good method. In the resonance 

induction method, the magnetic coupling coefficient between the coils, due to the relatively 

large air gap, compared to the non-resonance induction method, is generally about 0.1 to 0.5, 

which is about 0.95 for the non-resonance induction method, which has a similar function to 

transformers. Increasing the quality coefficient increases the efficiency and the smaller the 

coupling coefficient, the higher the quality coefficient will affect increasing the efficiency 

[40]. The coupling coefficient (k) can be obtained from the following equation, which is 

usually between 0.1 and 0.5: 

𝐾=𝑀𝐿1𝐿2−−−−√     0.1 < 𝐾 < 0.5�=��1�2     0.1 < � < 0.5  (5) 

𝐾:�: coupling coefficient; 

M: mutual inductance; 

𝐿1: primary coil inductance�1: primary coil inductance; 

𝐿2: secondary coil inductance�2: secondary coil inductance. 

Additionally, the quality factor Q is usually between 10 and 1000, and numbers below 10 are 

not acceptable, which is obtained from the following equation: 

𝑄=𝜔𝐿𝑅      10 < 𝑄 < 1000�=���      10 < � < 1000  (6) 

𝑄: quality factor�: quality factor; 

𝜔=2𝜋𝑓�=2��; 
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L: inductance of the coil; 

R: resistor of coil. 

Additionally, other issues, such as magnetic field interference and safety [41], are addressed 

by measures in the structure of coils. 

2.4.2. Compensator: In a wireless power transmission system with resonant coupling, it is 

essential for employing a compensation network to lower the VA rate of the coil and power 

supply due to the weak coupling and substantial leakage inductance of the coils [42]. The use 

of capacitors on both the transmitter and receiver sides is the simplest way of addressing 

inductance leakage. Depending on how the capacitor is placed in the circuit, four types of 

compensation are possible. For this purpose, they were introduced as series–series (SS), 

series–parallel (SP), parallel–series (PS), and parallel–parallel (PP), based on configuration 

[43]. These structures are used to compensate for leaks from the induction coil, which is 

called a compensator [14]. The basic topologies are shown in Figure 15. 

 

Figure 15. Different types of IPT compensators that: (a) (SS), (b) (SP), (c) (PS), and (d) (PP) 

reference. 

The correlations in Table 3 can be used to compute the values of capacitors based on the 

layouts of the aforementioned topologies, as shown below [44]: 

Table 3. Relationships governing the above circuit [44]. 

 

Now, according to the above explanations and the introduction of compensators, a general 

comparison of compensators in wireless power transmission is given according to the criteria 
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of coupling coefficient values and winding weight, misalignment, and voltage value, etc., as 

shown in Figure 16 [45]. 

 

Figure 16. Comparison diagram of the initial topology of compensators. 

In light of the comparison in the above figure, the SS structure, which was the simplest and 

very well topology at the time it was developed and is still in use, is our next choice. As can 

be observed, this structure has a strong coupling coefficient, but a lot of copper was used in 

its construction, and it also has a high impedance and poor efficiency with distance. 

2.4.3. Coil Structure 

As we saw in the previous section, efficiency and safety are important factors in the transfer 

of wireless power. Among the many ways to improve the two factors we discussed is to 

change the coil’s structure. The information below belongs to the primary coil’s construction 

(Figure 17): 
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Figure 17. Coil structures. Circular structure; – Rectangular structure; – DD structure; – 

DDQ structure. 

Other structures are also seen in [46]. The DDQ structure is the most effective coil structure, 

as determined by prior research and outcomes. In the next section, we discuss coil structure. 

The coil construction in Kim’s research project [47], which depicted a simple circular shape 

and employed three ferrites’ cores in parallel and an aluminum shield to lessen radiation and 

promote safety. According to Ongayo and Hanif’s [48] research, the new improved circular 

structure was suggested, while taking into account the electromagnetic interference (EMI) 

and electromagnetic field (EMF) effect. As a result, the ferrite core was used to improve the 

flux path and reduce losses and leakage. However, these plates are typically expensive and 

delicate, in comparison to their structures. Aluminum shielding is used to reduce magnetic 

radiation that is harmful to the human body and reduce leakage current. It causes and 

transmits little power and has a short air distance. The coupling coefficient and efficiency 

have grown, but on the other hand, the price and weight have gone up. It also transfers a little 

amount of power in a small air gap. 

Table 4 illustrates the results of the simulation, where D is the distance between the 

transmitting and receiving coils, L1 and L2 are the primary and secondary coil self-

inductances, respectively, M is the mutual inductance, and k is the coefficient of coupling. 

The results make it clear that the L1 and L2 variations, when d changes, are much smaller 

than the M variance. In each of the three possibilities, M and k increase as the separation 
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between the two coils decreases. More power is delivered to the output when M and k are 

bigger. In comparison to the coreless transfer, the values of M and k will rise if a ferrite core 

is used. A coreless transformer will be light and inexpensive, but it cannot be used for high 

and efficient power transfer, due to its low coupling factor and mutual inductance. A 

comparison of shielded and unshielded transformers reveals that the parameters, particularly 

M and k, change little. As a result of shielding, M and k are only slightly reduced. 

Table 4. Circular pad simulation outcomes [48]. 

 

In a research study [49], Mohammad and Choi showed that the DD structure was improved 

over the circle structure, but the alignment sensitivity was increased. Their results showed 

that the rough core surface has many core losses. The suggested structure with optimal 

thickness and smooth structure significantly reduces the core loss. In the optimized core, the 

losses are reduced up to 60%. The maximum permissible core losses for a specific system are 

determined by considering the coupling factor and the quality factor for uniform thickness 

and the suggested optimal core. In [50], the DDQ structure was proposed by Mirslim and 

Rasakh, and compared to the DD structure, the sensitivity to alignment decreased. Their 

research used two structures, the DDQ structure was located on the receiver or secondary side 

with a square coil, and the receiver side used a LLC compensator that increases the X-axis 

tolerance, which made the system more compact, and also efficiency increased, compared to 

the DD structure. Other structures, such as the bipolar pad structure used in [51], developed 

by Mirsalim and Rasekh, for the bipolar structure, which was obtained from two D-pads that 

were overlapping, and in this paper, using a LCC compensator, using LCC increases the 

efficiency and improves the lateral (horizontal) misalignment and reduces the size of the 

transmission plate and examines the effect of coils on each other. In [52], they chose the 

tripolar pad (TP) structure from three coils, and in this article, we used an SS compensator 

structure. At first, the value of the capacitor is determined in such a way that it removes the 

imaginary parts of the impedance that can be seen in the output. In this method, the inductive 

load can keep the compensation and the resonant frequency constant by comparing the two 

scenarios, and the suitable value for the capacitor can keep the nominal voltage constant in 

the non-alignment position. As it was said, for the back of the pads, a flat aluminum plate is 

used to protect and bind the radiation of the electromagnetic field, and ferrite magnet is used 

to improve the magnetic field, which is an expensive metal. This structure is proposed to 

reduce the cost and improve efficiency. Table 5 reviews some recent articles on WPT. 

Table 5. Summary of literature review on WPT systems. 
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3. Application of Artificial Intelligence in WPT 

There are several studies on the WPT system that focus on the goal of achieving higher 

distance transmission. The research has mainly focused on impedance adaptation and the 

design of resonators [61,62,63], transducers, and power electronics and inverters with 

appropriate control methods [64]. According to the needed performance, which varies 

depending on the application, WPT systems were constructed. They can be used in many 

different ways; for example, small coils can be useful in biomedical applications, while 

medium-sized coils are suitable for wireless charging, and larger coils are made for charging 

electric vehicles. The types and dimensions of the winding affect the power transmission 

efficiency and lead to other various changes in different parameters, such as mutual 

inductance, resonance frequency, and so on [63]. Trial and error exercises are time-

consuming when calculating parameters, and the outcome may not be altered from a 

theoretical, simulation-based, or computational standpoint. 

WPT and ANN approaches are offered as a way to cut down on this enormous amount of 

time. An illustration of soft computing is artificial neural networks (ANN), which can handle 

complicated IT equations and numerous parameter calculations. It is used to identify 

unidentified parameters and computational methods that simulate an accurate answer quickly. 

For instance, a WPT design with a high transmission efficiency can be adjusted based on the 

coil design, inverters, and the volt-ampere (VA) ratings of the active and reactive elements. 

There is an issue which is related to a huge computational load due to the training all of the 

combinations of parameters and variables. The WPT design and optimization techniques 

nowadays can result in a speedier convergence. It is possible to generate reliable outcomes 

using a variety of soft computing techniques (grouped based on fuzzy, evolutionary logic 

algorithms, and ANNs) [65,66,67]. ANNs are analogous to a sophisticated processor with a 

shared aim to preserve useful data and make it accessible for additional usage. ANN 

functions in two stages. The initial stage is to gather information about a network across the 

teaching and learning process. Second, weights are the terms used to describe how neurons 

are connected. The output of neurons is determined by how well the consequences perform. 

A bigger impact on the output is provided by a connection with more weight. When tackling 

problems with complicated nonlinearities, neural networks are known as generic estimators, 

and educational algorithms are a crucial component of neural networks. A primary neural 

network consists of three types of layers, as seen in Figure 18 [68]. 
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Figure 18. Sample of neural network. 

The third layer is the output layer, whereas layers beginning with input layers are connected 

by certain hidden layers. Different types of neural networks are recognized based on the 

interactions between layers, and the connection weight minimizes the error between the 

neural network’s acquired and desired outputs. Synaptic connections link the three layers 

together to train the neural network. As a consequence, an algorithm is appropriate based on 

the problem for which a resolution is required for the best and most accurate outcome 

possible. Artificial neural networks are used in numerous applications because of their 

versatility in a variety of tasks, including adaptive control, system identification, function 

approximation, and optimization. Researching and finding solutions are other advantages of 

using ANN techniques. Adopting ANN techniques saves time and money actions, thereby 

minimizing processing requirements simply by shortening the time spent using the device. Its 

ability to handle imprecise data and non-linear mapping guarantees its acceptance as part of 

the simulation. The most popular and fundamental ANN technique is known as regression 

propagation (BP), also known as error return, and it has been utilized as a method for 

optimization in many different sectors for a variety of applications. The error correlation 

learning rule serves as the foundation for BP propagation, which has at least three 

interconnected layers. The first layer’s output serves as the operation’s starting point, and 

from there, the connection procedure is repeated until the final receipt. Particle swarm 

optimization (PSO) and genetic algorithms (GA) are two more common methods employed 

because they are simpler than BP. A crowd-based community behavior called ethics serves as 

the inspiration for the stochastic approach known as PSO. PSO and GA are virtually the same 

in that they loop through a generation hunting group in search of the best outcome with a 

random population. However, evolutionary operations, including crossover and mutation, are 

not incorporated in the PSO algorithm [69,70]. Instead, particles fly in search of the problem 

area the optimal result follows the current optimality particles. 
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In WPT, several BP, GA, and PSO optimization and modification techniques are used. They 

enhance: (A) The coil design; (B) frequency division and consistency; (C) power transfer 

efficiency (PTE); (D) energy management; (E) converter (power electronics), and fault 

analysis. In WPT, optimization using ANN is primarily concentrated on enhancing PTE, and 

validation of ANN is typically accomplished by contrasting the findings of ANN by 

employing software for finite element analysis (FEM). MATLAB or ANSYS Maxwell HFSS 

are used. It is challenging to forecast each value, since there are many variables that affect the 

process of creating a steady output, including the primary coil, current, and location of the 

transmitter and receiver coils at the time of the reception unit and route. The output current 

and parameter changes might be kept constant to account for undetected BP disorders. The 

PID controller receives the BP train, and MATLAB/Simulink are often used to model the 

system [70]. Some articles on the use of artificial intelligence in WPT have been reviewed 

in Table 6. 

Table 6. Literature review on applications of AI for WPT. 

 

4. Recommendations and Future Work 

Today, due to the growth of using electric vehicles, the need for charging EV stations has 

increased, in which one of the sources that can be used in charging stations is a photovoltaic 

system, and we also discussed that the best method for charging electric vehicles is wireless 

method, which can be improved by using the following suggestions: 

(1) Using wireless charging during vehicle movement, which will reduce the cost of energy 

storage units. 

(2) Improving wireless power transmission by using new coil structures and using new 

resonances suitable for improving power transmission. 

(3) Applying the new MPPT algorithm or combine several algorithms to improve solar panel 

output energy. 

(4) Using new converters or a combination of existing converters that can be used for this 

type of system. 

(5) Creating a wireless charger that can quickly charge a vehicle, compared to the time it 

takes to do so using a plug-in charger.  
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(6) More consideration and study must be given to enhancing shielding, in order to promote 

health and safety. 

(7) Implementing reinforcement learning and deep learning algorithms to reduce 

misalignment errors. 

(8) Employing quantum computing methods for better power transmission with more 

precision and speed. 

(9) We need to find innovative methods to reduce the cost of materials (especially for the 

dynamic charge method). 

5. Conclusions 

This paper presents and investigates current technologies for wireless charging electric 

vehicles with solar energy. Due to the fact that WPT technology and solar energy use are 

reliable, practical, and effective charging techniques, they are currently the subject of 

intensive research in academia and industry. In this review paper, we explored electric cars 

and the type of charging modes. According to the discussions, when more electric vehicles 

are produced, the photovoltaic system may offer a promising energy source to power them. 

The method of generating electricity from solar energy and the general classification of 

photovoltaic systems are divided into two groups, grid-connected and off-grid, and the parts 

used for this purpose were discussed. Additionally, MPPT approaches were studied, and the 

P&O method was frequently picked for the MPPT algorithm, due to its straightforward 

implementation and excellent accuracy. We looked at and evaluated various storage 

technologies, including lithium-ion batteries, which are frequently used in electric cars due to 

their compact size, light weight, and high efficiency. EV connection types to the grid and 

static and dynamic wireless charging techniques were also explored. 

This paper also examined the development of wireless power transfer, as well as its various 

forms and uses. To improve the critical elements in wireless power transmission, we also 

reviewed the crucial elements in power transmission and looked at various coil and 

compensator structures, as well as the important factors and shielding effect in WPT. We also 

review some recent papers on wireless charging EVs in Table 5. A cutting-edge analysis was 

performed on creating artificial intelligence for the WPT system. As a consequence of this 

research, we were able to identify the most crucial factors for creating an AI model for WPT 

systems, which we have listed in Table 6. Compared to plug-in chargers, the primary 

objective of WPT charging systems is to be more effective. This article identifies several 

significant challenges and prospective research projects. By overcoming these challenges, 

wireless chargers have the potential for commercial use. While deploying dynamic or static 

wireless chargers in the real world, ecological, financial, and performance, in terms of 

efficiency, sustainability, and reliability, must be carefully evaluated. Using dynamic wireless 

chargers as a distribution and communication line needs to be further studied. It is necessary 

to conduct more research on the utilization and storage of various renewable energy sources. 
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Future advancements in WPT can be used to automate and commercialize wireless charging 

systems. 
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ABSTRACT: The Internet of Things (IoT) offers the opportunity to collect continuous data about a 

company's physical activities. Computerized reasoning (AI) is assuming a developing role in IoT 

applications and organisations, signalling a clear shift in the operations of organisations working in 

this field. Organizations all over the world are rapidly utilising IoT to create new systems of products 

and administration, which are opening up new business opportunities and making new plans of action. 

The subsequent change is ushering in a new era of how businesses conduct their operations and 

interact with customers. For businesses that can transform raw IoT data into useful business 

intelligence, there is a large open door. Powerful information diagnostics provide the means to do this. 

Associations are currently under pressure to dig deeper into their data to find fresh, creative ways to 

increase their effectiveness and seriousness. Associations are acquiring more expansive, increasingly 

complete investigation approaches as a result of continuous advancements in science and innovation, 

particularly in AI. Organizations must combine IoT with rapidly advancing AI advancements in order 

to fully comprehend the potential of IoT enablement. These innovations allow "bright robots" to mimic 

human intelligence and make highly informed decisions with essentially no human intervention. 

Today's IoT-based computerised biological systems are becoming increasingly dependent on the 

coordination of AI. Hence, businesses need to decide soon how they'll benefit from combining IoT with 

AI, or they risk having to play catch-up in the years to come. In this essay, we'll look at the growth of 

the Internet of Things and discuss how best to use it to advance companies in the future when combined 

with AI. There is a solid conviction that approved examination plans together with computerised 

reasoning will be of notable preferable position in aiding people in fighting this infection because 

ongoing development in cutting-edge technology has paid off in improving people's survivals. IoT helps 

a COVID-19-infected patient identify symptoms and receive better care more rapidly. It is beneficial 

for the board structure of the emergency clinic, doctor, and specialist. 

INTRODUCTION 

Dynamic company ventures are mobilizing in a new era where they are demonstrating their 

exchange activities by utilizing IoT and subsequently creating as excellent as ever business 

opportunities. IoT is now being integrated with the developing Artificial Intelligence 

innovations, enabling the undertaking to arrive at familiar decisions without human 

mediation, to address the full capacity of the appropriation. IoT is currently the leading 

advancement, as has been noted previously. In any event, the generous impact that artificial 

intelligence will have on the different aspects of our personal and professional life is less 

generally enlightening than the effect that would result from combining it with the 

unthinkable notion of IoT [1][2]. 

ARTIFICIAL INTELLIGENCE: A LOOK AT ITS SIGNIFICANCE 

Artificial intelligence (AI) is the capacity of a serious Computer or PC meticulous robot to 

carry out duties often associated with attentive beings. Artificial intelligence (AI) hints at 
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technological devices that can replace human knowledge in the presentation of explicit 

endeavours. It is possible for robots to pick up information practically, adapt to new sources 

of knowledge, and complete tasks that resemble those performed by a person. Mimicked 

knowledge has been adopted into people's vocations as of right now and will continue to do 

so, for instance, as it becomes ever more thoroughly understood and compelling. The uses of 

artificial intelligence are shown in Figure 1. 

 

Figure 1. Uses of artificial intelligence 

The potential of AI is appealing to every sector. 

 • To provide personalised medicine and X-ray readings, as well as personal medical care 

partners in the medical area. 

• To provide online buying capabilities that let customers and providers discuss purchasing 

choices. 

• To analyse creation line data as it comes in from associated rigs to evaluate predicted 

weight and solicitation employing ad hoc frameworks. 

• The board tries to understand which deals are likely to be fake, master quick and accurate 

credit rating, and motorize really unusual data. [3] 

Artificial intelligence is capable of rational thought free from emotion, making decisions with 

little or no error. As AI doesn't become weary or exhausted, it doesn't need to take pauses, 

relax, or get involved. 

THE INTERNET OF THINGS AND ITS RELEVANCE 

The Internet of Things (IoT) describes the arrangement of physical objects, or "things," that 

are implanted with sensors, programming, and numerous headways to interface and replace 

information with various devices and structures through the web. These tactics cover 

everything from basic nuclear family utensils to sophisticated modern gadgets. 

IoT gives devices/items the ability to observe, identify, and interpret a situation or 

environmental conditions without the need for human intervention. From common items like 

kitchen appliances, cars, interior regulators, and kid displays — to the web utilising 

connected implanted devices. IoT is heavily employed in many official disasters, much like 

AI expertise. Applications of IoT are shown in Figure 2. 
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Figure 2. IoT Applications 

• Manufacturing — By applying creation line checks to enable proactive assistance on 

hardware when sensors detect an impending setback. 

• Automotive – Sensors can identify equipment that is beginning to cause discontent in 

moving cars starting from the moment they are on the road, and they can provide the driver 

with specifics and advice. 

• Retail — To manage inventory, improve customer awareness, improve the flexibility of the 

supply chain, and cut operating costs. 

• Healthcare — To test IoT asset monitoring programmes. 

 

Table 1: compares IoT and AI technologies. 

 Based on Internet of Things Artificial Intelligence 

Connection 

type 

A group of devices 

connected through 

a network 

As the machine is 

autonomous, connecting to it 

is not necessary. 

Capabilities 

Device 

specifications have 

been previously 

known 

Machine capabilities can 

never be predicted 

Interaction 
The urge for 

human interaction 

Human contact is not 

necessary. 

Future scope 
Human direction is 

required. 

Human direction is not 

required 

Need for 

Instructions 

Devices needed to 

be instructed 

Machine learning is based on 

experiences. 

Dependency
 Without AI, IoT 

won't function. 
IoT is not necessary for AI. 

Applications 

Applications 

include water 

monitoring, smart 

wearables, smart 

cities, and smart 

homes. 

Chatbots, job advertisements, 

natural language processing, 

speech recognition, machine 

vision, and other applications 

are some examples. 
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UNDERSTANDING ARTIFICIAL INTELLIGENCE'S ROLE ON THE INTERNET 

OF THINGS REVOLUTION 

Simulated intelligence is expected to carry out a lot of clever tasks—like speech recognition, 

language interpretation, dynamic, and so on—without the need for human intervention. The 

Internet of Things (IoT), on the other hand, connects a number of networked devices to a 

framework that transfers data. IoT gadgets have incorporated themselves into our daily lives 

and aim to increase our level of comfort. These devices rely on web organisation and 

generate staggering amounts of information that are relevant to client behaviour, their 

patterns, unique information, etc. and thus cannot be disregarded. Nevertheless, a lot of 

projects don't know how to store and transfer such enormous amounts of data. The 

capabilities and growth of IoT are being hampered by this. In this situation, artificial 

intelligence can be of enormous assistance in gathering the data deluge that the Internet of 

Things devices have created. It permits data inspection and excellent output from it. [4] [5] 

BENEFITS OF AI-POWERED IOT 

• Preventing unexpected downtime — Using analysis to predict hardware failure in advance 

to arrange coordinated support methods, also known as Predictive Maintenance, can help 

mitigate the detrimental cost effects of unscheduled personal time. 

• Increasing operative efficacy – Artificial intelligence models can foresee working 

conditions and identify boundaries that should be balanced on the fly to maintain optimal 

outcomes, which will assist increase operating efficacy. 

• Enabling better products and services – using individual language processing to replace 

text, AI-controlled automata, and Navy management are just a few of the ways artificial 

intelligence will assist in enhancing the existing goods. 

• Improving risk management – Together with AI and IoT, a few proposals are helping 

organisations understand and predict a range of risks as well as computerise quick response 

[6][7]. IoT and artificial intelligence integration is seen in Figure 3. 

 

Figure 3: IoT and artificial intelligence integration 

ADAPTIVE AI-ENABLED IOT APPLICATIONS 

The IoT hardware includes mobile devices in a big way. There are several IoT devices that 

remotely send and receive data. By developing an explicit AI chip that would offer mobile 
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devices access to AI, human-made intelligence is elevated to a crucial role. Sensors and 

automata may capture every step of the development process for a firm, from the structure to 

the delivery. Then, artificial intelligence would have a reason to care about them, allowing it 

to create 3D maps, eliminate outlines, and replicate development plans. These are a few 

examples of how the commercial world is changing as AI and IoT are introduced. 

1. Safety devices: For opening doors and gear employments, AI might be used to determine 

typical admission instances of different reps or professions and degrees of employees, 

providing careful consideration to forthcoming office designs and perhaps differentiating 

questionable activity [8]. 

2. Sensitivity analysis: In China, it has been established that homerooms should be filtered 

once every 30 seconds. The computation can determine students' emotions (happy, sad, 

weary, etc.), as well as their behaviour (perusing, composing, lifting a hand, and so on). The 

cameras gather the data in this case, while local people handle the photo recognition stage. 

[9] 

3. Create smart households: by automating the home Several appliances and systems, 

including as the fridge, air conditioner, cooker, water flexibly, electric pleasantly, and 

security systems equipped with sensors in a home demonstrate like smart devices and are 

connected to Internet of Things apps. Here, artificial intelligence takes the shape of 

information gathering, research, and dynamic frameworks for acting appropriately [10]. 

4. Smart Cities: Like the clever house concept, the brilliant city uses a combination of IoT 

and AI advancements to operate at a vast scale. The two developments assist with water 

management, waste management, waste framework, transportation, stopping, electric 

networks, street and rail management, wellness and security components of the entire city, 

and so forth [11]. 

5. Healthcare sector: Medical services generate a significant amount of useful information, 

and wearables and IoT together account for a sizable volume. Computer-based intelligence 

provides in-depth understanding of the information and moreover provides assistance to HR 

executives, continual responses, stock management, unified drug store administrations, 

projections, and recommendations. [12]. 

REAL-WORLD CASE STUDIES 

Artificial intelligence in the Internet of Things is, for the most part, a revolutionary idea, but 

it has only lately been effectively used in certain practical applications. 

Autonomous Vehicles: In the context of the current reality, self-driving cars have a vast range 

and a lot of potential. The latest developments in AI and IoT are used in self-driving cars. 

Although they are still in the experimental phase, these cars represent one of the more 

straightforward IoT developments. 

Wild Track: Conservation of Endangered Species: Numerous species of animals that are 

either endangered or on the verge of extinction worldwide. Also, it is distressing and risky to 



INTEGRATED SOLUTION: SEM 2023  ISBN: 978-81-961781-0-9 

110 

monitor these creatures using standard methods, which include lapels. The FIT technique is 

used in IoT and AI computations to identify a creature's species, individual, age, and sex 

from its distinctive impression. At that time, it will be possible to utilise this data to show 

how various species at risk of extinction have plans related to animal turns of events, human 

species, etc. 

A smart thermostat: The Nest Labs Smart Thermostat, which uses IoT to enable 

temperature checking and control from anywhere with PDA connectivity (everything is 

getting smarter these days!), leverages smart technology. One of the main factors contributing 

to its popularity is that it is also quite easy to use (beside AI and IoT clearly). 

The Nest Labs interior controller has a sizable capability that is accepted as human made. It is 

employed to understand the temperature inclinations of the clients and, in addition, their 

detailed strategy. At that time, it adjusts to the perfect temperature and furthermore the most 

outstanding imperativeness reserves [13][14][15]. 

AI AND IOT FOR COVID TREATMENT IN HEALTHCARE 

Since the initial report of Coronavirus Disease 2019 (COVID-19) was released in Wuhan, 

China in December 2019, it has had an impact on more than 200 countries and regions 

worldwide. Innovation and science are playing a crucial role in this perplexing conflict. For 

instance, China focused on computerized reasoning right away when it began responding to 

the outbreak, using facial recognition cameras to track infected patients with movement 

history, robots to deliver food and medications, automatons to clean up open spaces, and 

sound communications to the general public urging them to stay at home. 

The search for new particles while in route to locate assistance for COVID-19 has made 

extensive use of artificial intelligence. In addition to certain software engineering analysts 

focusing on finding the irresistible patients using clinical image preparation like X-beams and 

CT filters, many medical professionals are using AI to discover novel treatments and drugs 

for the repair [16]. In any case, programming that is created using computer-based 

intelligence mimics checking armbands and aids in the categorization of individuals into 

groups that can circumvent the isolation rule. For the purpose of identifying fever-stricken 

and infected patients, modern smartphones and AI-enhanced warm cameras are also being 

used [17]. 

Countries like Taiwan disregarded COVID patients based on their mobility history and side 

effects by combining contributions from the migration and customs data collection with 

public clinical protection information [18, 19]. AI is used to identify, monitor, and predict 

flare-ups, as well as to assist in infection diagnosis. It is used for processing claims for 

medical care. In addition to sterilising public areas, automatons and robots are used to 

transport food and medical supplies. Super PCs are being used in conjunction with artificial 

intelligence to help create COVID antibodies and pharmaceuticals [20,21]. 

The focus of the present inquiry is on how using artificial intelligence may help the fight 

against the coronavirus plague. It provides a thorough analysis of the cutting-edge strategies 
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employed to lessen and mask the significant impact of the upheaval. The goal of the current 

inquiry is to not only assess the effectiveness of the tactics that are shown, but also to 

advocate for their continued use. This essay explores AI's potential applications and offers a 

basic vision of how contemporary innovation may combat the COVID-19 epidemic. 

MODERN TECHNOLOGY'S ROLE IN BATTLING COVID-19 

Innovation refers to tactics, frameworks, and tools that are the postponed result of using 

logical data for acceptable ends. Applications for machine learning, natural language 

processing, and computer vision can all be considered forms of artificial consciousness. 

These capabilities teach Computers how to configure, represent, and predict using massive 

data-based models. AI heavily emphasises patient identification and infection detection, 

clinical imaging assessment, disease monitoring, and its forecast in order to combat Covid. 

On the other hand, it also discusses alerting, cultivating awareness, and social control online. 

Patient's perspective: Open clinical structures face serious issues as a result of the COVID-

19 outbreak. The severity of the patient determines how much care is needed given the 

restricted clinical resources. Despite the fact that many light outpatients swiftly progressed to 

the real or basic stage, it is crucial to recall them early and provide lucky therapy for 

improving the course of treatment and lowering mortality. For analysing, predicting, and 

treating COVID-19 pollutions, as well as assisting in the oversight of budgetary effects, 

computer-based intelligence limits can be very helpful. The majority of clinical applications 

of artificial intelligence to the COVID-19 response up until this point have been centred on 

clinical imaging-based findings. The nature of the current diagnostic methods has been 

addressed at the fundamental form of the disease. 

Radiography pictures used in diagnosis: With the quick and accurate examination of 

COVID-19, survival can be preserved, the extent of the illness can be examined, and 

enormous knowledge may be generated from Artificial Intelligence models. Researchers 

experimenting with AI applications show that they can speed up and reduce the cost of 

making a diagnosis for radiotherapists compared to using COVID standard testing. Because 

of this, experts can use X-beams much as CT filters [24]. 

Disease surveillance: AI may be used to track the COVID-19 epidemic with time and 

location. According to ongoing disclosures, COVID-19 exhibits respiratory symptoms that 

are distinct from the infrequent flu and common cold, particularly tachypnea (rapid 

breathing) [25]. One initial-request symptom that may contribute to the extensive airing of 

developing patients is the degree of tachypnea [26]. It has been suggested that PDAs with 

integrated sensors might be used to detect COVID-19 symptoms or that telephone-based 

research could be used to station people who pose a high risk of harm based on their replies 

to crucial questions [27]. 

Benefits of IoT in combating COVID-19 pandemic: The invention of the Internet of 

Things ensures that everyone who has been harmed by this illness has been separated. It is 

advantageous for a suitable witnessing framework during isolation. The Internet of Things 
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techniques are used to efficiently monitor all patients who pose a high risk. This update is 

used to estimate problems such as glucose levels, circulatory strain, and heart infections 

biometrically [28]. 

 

Figure 4. The main benefits of adopting IoT to combat the COVID-19 epidemic. 

IoT is an unique strategy to combat the COVID-19 epidemic and can alleviate significant 

difficulties during a lockdown situation. This innovation is helpful for securing the patient's 

personal information and other crucial data [30]. The main benefits of deploying IoT to 

combat the COVID-19 Pandemic are shown in Figure 4. 

IOT-BASED COGNITION AND SOCIAL CONTROL 

A framework for COVID-19 identification utilising information obtained from mobile 

phones, gadgets such as cameras, amplifiers, medical equipment, and inertial sensors is 

proposed[29]. The hack type identification system, however, uses steady data obtained from a 

mobile phone amplifier [30]. This information is vital for artificial intelligence (AI) systems 

to comprehend and foresee the sinister danger that each individual poses. As a result, it is 

helpful in the early detection of high-risk equipment for specific purposes, thereby limiting 

the spread of disease to helpless populations [31]. A few automatons are employed to follow 

people, albeit they are not nearly as effective as the facemasks now in use. Other automatons 

are utilised to share information with larger groups and, in addition, to sanitise public areas. 

CONCLUSION 

Artificial intelligence and the Internet of Things are incredible and help to enhance 

commercials in spectacular ways. Moreover, combining these two progressions will 
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encourage daring to achieve substantially more dramatic automated change. There are a huge 

number of areas that can benefit from the benefits of combining the two developments. 

Integrating AI and IoT is no walk in the park for the gaming industry; not only does it call for 

deep theory, but it also necessitates new skills and dominance. But, when combined, both of 

these innovative developments greatly help associations increase their edge and profit 

margin. Researchers are examining every option that may be used to tackle the COVID 

epidemic, and CurrentKnowledge discusses one exciting route. As progress creeps 

incrementally into our lives with various victories, they have also added in aiding individuals 

in these incredible battles against COVID-19. 

In order to combat the COVID-19 epidemic, IoT offers a broad, streamlined association to 

healthcare administrations. All medical devices are connected to the internet, which allows 

for communication with the clinical personnel in any basic circumstance. Using nearby 

connected tele-devices, spoiled cases may be handled effectively in an inaccessible area. 

An seemingly divine method to cover the debased patient is mimicked insight near to IoT. 

This innovation helps to retain superior oversight with consistent information while taking 

clinical considerations. Researchers, officials, the government, and academics can create a 

better place to combat this ailment with correct implementation of this improvement. 

The survey's findings will be used to describe how AI combined with IoT has a significant 

impact on this epidemic. Several businesses, like the automotive and industrial sectors, have 

found that the combination of these two domains works well thus far. In the modern day, it 

focuses on the medical industry as well, and during this pandemic it aids in locating the 

COVID positive cases and their contacts. Moreover, it focuses on tracking and diagnosing 

diseases. Integration of AI and IoT at the onset 
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Abstract-The integration of highly fluctuating distributed generation (such as PVs, wind turbines, 

electric vehicles, and energy storage systems) jeopardises the stability of the power and distribution 

systems. The main reason is that the power ratio between supply and demand may not be balanced. An 

excess of power generation or consumption may disrupt the network and cause severe problems such 

as voltage drop (or) rise, and, in extreme cases, blackouts. Energy management systems are used to 

maintain an efficient balance between supply and demand, as well as to reduce peak load during 

unexpected periods. Energy management can be divided into two broad categories. The first is on the 

supplier's side, such as an electric utility, where some generators are turned on and off in response to 

fluctuations in load demand. The second category is on the consumer side, also known as demand-side 

management. In demand-side management, consumers manage their energy consumption so that they 

can manage with the available power from the generation side. The primary goal of an energy 

management system is to reduce the cost of operation and consumption, thereby reducing energy losses 

and increasing network reliability. The primary goal of employing energy management is to reduce the 

cost of operation and consumption, as well as to reduce energy losses and increase network reliability. 

There are numerous barriers and limitations in energy management. It does, however, have a 

promising future, with most current researchers focusing on developing sophisticated algorithms and 

models to better manage energy on the power grid. 

INTRODUCTION 

The increased use of available energy resources, as well as improved security and access to 

these resources, is one of the major challenges that society faces, particularly in this global 

economy. In addition, existing energy resources must be prioritised, and resource 

management must be efficient. Following that, the construction of power plants using 

conventional energy resources. Proper distribution and utilisation of renewable energy 

resources should be implemented. Even though renewable energy sources require significant 

infrastructure and initial investment to connect to the grid, once connected to the grid and the 

necessary synchronisation has been completed, expensive transmission can be performed, and 

it can also reduce transmission and distribution (T&D) losses, primarily ('Hysteresis And 

Eddy Currents'). So, the better way to overcome this potential distribution system barrier is to 

join the system approach, which views the generation and distribution details associated with 

the loads as a subsystem or a "Micro Grid." 

The economic downturn, new technological innovations, and environmental incentives are all 

altering the face of electricity generation and transmission. Centralized because of the loss of 

traditional economies of scale, generating facilities are giving way to smaller, more 

distributed generations. According to research scholars and ongoing studies, the interaction 

between the smart grid and the individual interaction with the user will change dramatically, 

and Demand Side Management (DSM) will play an important role. The primary goal of this 
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paper is to review previous work by various research scholars and to provide consolidated 

information for management objectives in smart system management, such as improving 

energy efficiency, profiling demand, maximising utility, reducing cost, and emission control. 

We investigate the possibility of integrating home and building energy management systems 

such as solar PV technology and energy storage with a microgrid. Microgrid Energy 

Management System (MG-EMS) prototype, which includes numerous software applications 

for managing sensing data and managing load and generation. To upgrade a microgrid from a 

basic grid to a full-fledged smart grid, HEMS, BEMS, renewable energy resources such as 

PV, and BESS can be integrated from one type of microgrid to another. 

 

Figure 1: A view of a grid connected to a network system. 

ENERGY MANAGEMENT SYSTEM 

The active elements of the power system require new technology as well as new control 

methods in order to achieve control on various interconnected elements to the grid, optimise 

the active elements, and manage the entire electrical system. 

The system's main components are: 

• Remote Terminal Unit 

• Load Forecast System 

• Supervisory Control and Data Acquisition (SCADA) 

• Remote Sensing Terminal Unit; • Smart Energy Management System. 

The SCADA (Supervisory Control and Data Acquisition) system transmits data to the Smart 

energy management system to measure data collected by remote terminal units placed at 

strategic locations throughout the grid. 
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To access the grid and become synchronised, we need complete control of the grid, as well as 

complete information about the state of the network, such as current and voltage profiles 

flowing at each node (or) branch. After learning all of the parameters of the grid, the 

Electricity Board (or) State Board has set certain targets and demands that must be met... To 

meet these requirements, a set of methods, mathematical rules, and procedures are devised. 

Furthermore, as load demand increases and voltage profile estimations fall short of 

expectations, adequate monitoring systems and metre infrastructures, as well as 

wireless/wired automatic metering systems (Smart Meters), are required to obtain an accurate 

state. Optimising, continuous monitoring, and control of smart grid performance are entrusted 

to a hardware/software application known as a "Smart Energy Management system." After 

taking readings and analyzing data from SCADA, the necessary optimisations and steps are 

taken to achieve the optimal state of the Smart Grid. 

When the grid reaches an optimal state, a combination of variables, including the reference 

values of reactive and active power, is used to transfer power to the OLTC of a transformer in 

a nearby sub-station. 

 

Figure 2: Smart grid Infrastructure Energy Management System 

WHY IS ENERGY MANAGEMENT ESSENTIAL? 

The integration of highly fluctuating disturbances in generation (such as PVs, wind turbines, 

electric vehicles, and energy storage systems) had put the power generation and distribution 

system's stability at risk. The main reason for this is that the power supply-to-demand ratio 

may be unbalanced, and excess/shortage in power generation or consumption may result in 

severe problems such as voltage drop/rise, and in severe conditions, the entire day is 

blackout. Energy management systems are used to efficiently maintain the supply-demand 

balance and to reduce peak load during unexpected periods. Energy management can be 
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divided into two broad categories. The first is on the supplier's side, such as an electric utility, 

where some generators are turned on and off in response to fluctuations in load demand. The 

second category is on the consumer side, also known as demand-side management. 

Consumers will manage their energy consumption in demand-side management so that they 

can manage with the available power from the generation side. The primary goal of an energy 

management system is to reduce the cost of operation and consumption in order to reduce 

energy losses and increase network reliability.Many barriers and limitations can exist in 

energy management. However, it has a promising future, with current researchers focusing on 

developing sophisticated algorithms and numerous models to better manage energy on the 

grid. 

In this vast world where energy demand is increasing, power generation should increase to 

meet peak load demands and user needs while also improving their daily lives. However, the 

number of consumers is growing every day, and the unpredictability of electric load and 

power demand may pose challenges to electric utilities and system operators. High peak 

demand is likely to occur in many problems, posing a threat to the system's functionality. 

To address this issue, the electric utility and system management have two options: 

The first solution is as follows: 

• Expand the network's size and dimensions, which is costly and time-consuming to 

implement. 

• Using energy management to reduce the likelihood of high peak demand during peak hours. 

The second option appears more reasonable: However, the solution necessitates more 

sophisticated algorithms and energy-management methods. For a variety of reasons, energy 

management is regarded as a better and smarter method: 

• It is automated and does not require direct human intervention  

• It provides accurate results and predictions  

• It assists in optimizing the functionality of its generation units and lowering generation 

costs 

• It assists the system in operating in such a way those energy losses of the network and 

transmission lines are reduced, potentially lowering indirect distribution electricity costs 

dramatically 

• It assists end-users in better managing their load demand and lowering indirect distribution 

electricity costs. 

• It improves energy efficiency. 

• It conserves resources. 

• It helps to reduce pollution and protect the environment. 
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RESPONSE TO CUSTOMER LOAD 

The magnitude and speed of the load response can be used to characterize customer load 

demand response. This is true for dynamic pricing as well as demand response signaling. 

Load performance can be classified into four categories based on how it is used. Each 

category is described below; each category impacts the client differently and has a unique 

feedback loop dynamics. All of the demand response applications mentioned are best served 

by systems with large energy storage capacities. 

CATEGORY 1: SOFT DEMAND RESPONSE 

This response period is often required in soft demand response, which is more flexible and 

can vary from hour to hour and day to day. Soft demand response events are frequently 

targeted to the daily power consumption to macro cycle, which is frequently driven by higher 

power consumption during the day, followed by a decrease in nighttime usage. Energy 

conservation can usually be planned and scheduled ahead of time. 

Load shedding and load shifting are two load response time strategies. Load shedding entails 

reducing equipment that is not mission critical, whereas load shifting is the rescheduling of 

energy-intensive operations over different time intervals. This encompasses both production 

lines and equipment processing. 

The following components are commonly restricted in equipment: 

• External and internal lighting, including parking and lot lighting       

• External water fixture 

• Anti-sweat heaters       • Cooling system  

• Defrosted elements      • Motors 

• Elevators and escalators      • Irrigation pump sets  

• HVAC (Heat, Ventilation, and Air Conditioning System) • Pool pump and heater sets  

• Refrigerators       • Water heating system 

This system's load response time can vary from second to second and hour to hour. Longer 

response times can be accommodated using a strategy known as pre-ramp down control 

strategy, whereas equipment with shorter response times can be actuated directly. 

CATEGORY 2: FIRM DEMAND RESPONSE 

The required firm demand response time ranges from five (5) minutes to ten (10) minutes 

with this response time. In the markets, this corresponds to ten-minute wholesale ancillary. 

Firm demand response can help the grid balancing authority balance a reduction in power 

generation capacity with a compensating reduction in load. This category is appropriate for 

balancing variables in renewable generation with adequate inertia, capacity, or load 

prediction. 
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Examples of typical firm demand curtailment include: 

• Lighting both externally and internally, including parking and lot lighting • Pool pumps 

• Air handlers • Elevators and escalators • Irrigation pumps • Motors • Outside signage  

CATEGORY 3: DEMAND RESPONSE IN NEAR REAL TIME 

Near real-time demand response necessitates response times ranging from one (1) minute to 

five (5) minutes. As a result, these are appropriate for fast-response ancillary energy markets 

powered by a significant amount of variable renewable generation. 

Only these pieces of equipment can perform high-speed ramp down and participate in near 

real-time demand response. External and internal lighting, including parking lot lighting, are 

typical examples of real-time response. 

• Outside water fixtures • Air handlers • Irrigation pumps • Motors • Outside signage • Pool 

pumps 

CATEGORY 4: REAL-TIME DEMAND RESPONSE 

Response time for real-time demand response ranges from one (1) second to one (1) minute. 

Power frequency and load regulation, as well as emergency response to grid faults, are among 

these applications. Real-time response necessitates very fast equipment and the ability to shut 

down, as provided by motor-driven equipment or lightning. In general, the number of cases in 

which a customer can react reduces the movement from category 1 to category 4. To reduce 

the response time from five (5) minutes to one (1) minute, the decision-making processes 

involved in load shedding, shifting, or shaping must be automated and streamlined in order to 

provide a high degree of determinism and system reliability. 

Demand response signals will include information from both discrete and continuous signals. 

Discrete signal information is frequently presented in the form of dispatch triggers that can 

initiate action. Continuous signal data will be represented as value matrices, such as dynamic 

pricing, and will be fed into decision-making algorithms. 

SMART GRID FEEDBACK LOOPS 

Bringing customers further and further into the energy loop is another important claim of 

smart grid that requires more investigation. 

 

Fig. Balancing Feedback Loop 
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A smart grid is a system of systems that are linked together by large, wide-area feedback 

loops. These feedback loops are the fundamental behaviour of a system of systems' operating 

unit. They can cause the system to expand or contract. 

Feedback loops can return an amplified portion of the output signal feedback around the input 

loop, where it can either add or subtract from the input signal. This simple basic structure 

serves as the foundation for automatic control theory, which is widely used in a variety of 

domains such as manufacturing, automation, aircraft control, and automotive systems. 

A negative or balancing feedback loop is one in which the fed back signal tends to subtract 

from, or offset, the input signal and decrease the output. A positive or reinforcing loop occurs 

when the fed back signal adds to the input signal. The system and feedback loop have a 

transfer function that relates the output signal to the input signal and is usually expressed in 

terms of Laplace transforms. The loop's behaviour when a specific input signal is applied can 

then be determined. The transfer function has a solution known as poles and zeros, which 

either drives the loop towards oscillation or causes it to become zero. If the feedback loop is a 

balancing loop, both conditions are negative. 

The home thermostat is an example of a simple on-and-off balancing loop. The desired 

balance point is almost as close to the temperature setpoint as it can be. The feedback signal 

is equal to the temperature in the room. When the temperature in the room reaches a certain 

setpoint, the heater is turned off until the temperature falls below the setpoint. This digital 

loop will inherently oscillate, relying on the room's high capacity and slow response to 

achieve the required acceptable results. 

A reinforcing feedback loop will amplify the output feedback signal by stacking on top of 

itself, resulting in exponential growth or collapse. The amount of feedback or gain can 

determine the rate of growth. 

The fundamental property of feedback loops is that they oscillate in a proportional manner. 

This oscillation is caused by loop time delays, or peak time, which causes feedback signals to 

phase shift. A negative feedback signal becomes a positive feedback signal if the resulting 

phase shift is equal to 180 degrees. Balancing loops become reinforcing loops as a result, and 

if the strength of the feedback is equal or sufficient ( product of loop gains >= 1.0), the signal 

becomes unstable and oscillates. A sufficient upfront system design is required to ensure that 

this condition does not reoccur.   

TRENDS IN SMART GRID TECHNOLOGY 

Smart Grid technology has enabled two technologies that have a direct impact on the 

dynamic management of energy systems. These are; 

1) micro grids and generation of disturbed energy & 

2) Transactive energy 

The grid provides electrical energy to consumers, but only a portion of the power generated 

on-site. The generation distribution allows more facilities to generate on-site energy and 
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become self-contained microgrids connected to the electrical system. These micro grids will 

benefit both the electrical distribution system and the facility, helping to optimise the system-

wide generation and consumption of energy. Microgrids are grid-connected, self-contained 

energy systems that can generate and consume on-site power. The system can either import 

or export power to the grid, and it has the ability to disconnect from the grid. The decision-

making process is required to determine the mode of operation, which is taken into account 

for both local and grid operations. When the external power cost is relatively high, a strategy 

based on exporting excess power generation and minimising imported power would be the 

best course of action to take. If the cost of external power falls, the cost of self-generated 

power will fall as well. Increasing power imported from the grid while decreasing on-site 

generation would be an excellent strategy. If there is an emergency or a fault condition on the 

external grid, the microgrid load can be curtailed or disconnected from the grid and then 

reconnected when all conditions allow. Today, centralised power grid control is giving way 

to distribution control, with more localised and autonomous decision makers. These decision-

makers and "software agents" will collaborate with other agents to optimise the energy 

consumption of connected devices and systems. These interactions, known as transactive 

energy, will take the form of transactions with other systems based on the local economy and 

context. A small microgrid is one type of autonomous system, but as transactions involving 

the buying, selling, or renting of retail power become more granular, decision making will 

become more granular. Huge energy transactions can take place between microgrid 

components and between microgrids and even smaller self-contained energy systems like 

"nano grids." 

Transactive energy has no effect on the requirement that the power grid operate in a stable 

state of equilibrium, with supply nearly equaling demand usage. Through positive reinforcing 

in feedback cycles, autonomous market-driven behaviour will produce system oscillations 

and instabilities. This behaviour can be extremely beneficial for grid-scale operations, but it 

must be managed proactively to avoid negative consequences. 

With variable renewable energy generation and an increase in the use of value-based 

economic or market-derived signals, such as dynamic pricing, to modulate energy 

consumption, the power grid's dynamics will increase. The value-based signal needed to be 

injected into the customer's feedback loop in order to maintain the required stability. The new 

techniques must be implemented in order to allow for the operating range in market activity. 

These techniques must limit not only the acceptable operating range of things, but also the 

rate of change of activity and duration. 

RESULT 

The Smart Grid enables customers to dynamically manage power usage based on electrical 

grid operating conditions and the country's economy. Integration, grid stability, and reliability 

are all improved, while the customer benefits from lower costs and more dependable 

electricity. 
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The use of compensation and negative feedback loops, which leverage customer demand to 

offset variation in power supply, is an important method for balancing the grid. 

Implementing energy management will be crucial in the future. Despite the fact that 

transitioning from a conventional grid to a smarter grid takes time and money, energy 

management plays a critical role in increasing grid efficiency and the reliability of power and 

distribution systems. 

The Energy management system enables a consumer to reduce their electricity bill cost by 

approximately 20 to 30%, which is significant and beneficial over time. It is recommended 

for a better future to have some standards and a set of rules and regulations requiring users to 

install energy management systems to reduce power consumption as much as possible. 
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ABSTRACT: It is now required for all industrial enterprises to implement energy-saving plans, and 

enhancing the efficiency of industrial facilities is no longer a matter of prestige. This essay examines 

the issues with energy management and excessive energy usage that typically occur at pumping 

stations. An approach has been devised to meet such a water demand while taking into account having 

optimal flow, lowest consumption, and with maximum efficiency. It is based on the results of energy 

auditing and energy performance of the most energy-consuming equipment. The findings indicated that 

this pumping station has the potential to save 1 313MWh of energy, or 8.30% of the average monthly 

electrical energy use of 15 422MWh. The advantages of implementing water and electrical energy 

efficiency measures are significant, both in terms of cost and energy savings. usage and with optimum 

efficiency. 

Keywords- - big data; energy efficiency of buildings; energy saving measures energy consumption; 

regression analysis; forecasting method, renewable energy sources. 

INTRODUCTION 

A near-total dependency is what defines the Moroccan energy context. Given the rising 

demand for energy that comes along with the large projects of the Kingdom, Morocco is a 

country that imports energy to the tune of 95% of its annual consumption, and its energy bill 

is rising. Numerous businesses are concerned about this issue and want to comply with the 

guidelines established by the energy efficiency regulation No. 47-09. The objectives of Law 

No. 47-09 are to use energy sources more efficiently, prevent waste, lessen the impact of 

energy expenses on the national economy, and promote sustainable development. [1]. Its 

execution is primarily based on the principles of required energy audits, technical control, 

energy impact studies, and efficiency criteria. Additionally, it seeks to include energy-

efficiency strategies in all sartorial   growth plans, enticing commercial enterprises to expand 

their use of energy audits. Global energy consumption is rising, and if petrol emissions were 

to continue rising at their current rate or greater, global warming would increase [2].  Saving 

energy entails protecting priceless resources and, of course, achieving substantial financial 

savings that may be put towards cost management and surviving the whims of the market [3–

4]. 

On June 15, 2011, the international standard ISO 50001 was released [5]. The objective of 

this EMS standard is to enhance the energy performance of any kind of company. According 

to the International Energy Agency, it might affect 60% of the world's energy demand. 

Organizations can use a variety of management techniques under ISO 50001 to boost energy 

performance, cut costs, and promote efficiency [6]. To encourage energy efficiency, 

numerous nations have implemented effective management of electric energy regulation. In 
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order to create and deploy EEMs to decrease energy losses, energy expenses, and assure the 

efficient use of electrical energy, they are compel big commercial and industrial electrical 

users to control their equipment [7-8]. This essay is organized around four basic axes, which 

are broken down into the following sections. 

• The work's overall context and the chosen approach are presented in the first section. 

• The analysis of statistical data from a typical site, energy diagnostics, detection of 

anomalies, and mode of management evaluation are all covered in the second section. 

• The third section will concentrate on evaluating the energy performance of the equipment 

that uses the most energy. 

• The creation of management and improvement prepositions will make up the fourth  

METHODOLOGY 

An industry's strengths and deficiencies with regard to energy performance are intended to be 

highlighted by the energy audit, which serves as a diagnostic [9-10-11]. The goal is to locate 

energy deposits, decrease energy waste to a minimum or perhaps completely eradicate it [12]. 

A collection of suggestions for energy, economic, and environmental improvements are put 

forth following a thorough inventory. The preliminary audit's three primary components are 

the energy audit of the current state, the in-depth audit's appraisal of energy performance, and 

the formulation of improvement measures. 

Evaluation of the Current Situation (preliminary Audit): In order to quantify the energy 

consumed by the site and set the threshold of current consumption in the form of energy 

ratios, the first stage attempts to develop an overall assessment of energy consumption. For 

this purpose, an analysis of energy bills is required. These ratios will serve as the foundation 

for the target energy savings percentage. The following information was initially retrieved 

from the industrial site: 

• The last three years' worth of electricity usage. 

• Production volumes for the previous three years. 

• A site plan and layout for the industrial area. 

• Data sheets and catalogues for every piece of industrial gear. 

Estimating the deposits of potential energy savings to be realized via the implementation of 

an energy management programmed requires an examination of the data using regression and 

correlation of consumption with production. 

B. Energy Performance Assessment (detailed audit): This step entails creating a strategy 

for figuring out and selecting performance indicators as well as establishing the energy 

balance at each installation site. We use the archive of electric meters to create a distribution 

of the overall energy consumption in percentages so that we can focus on the items that use 

the most energy. This distribution enables the identification of the equipment with the highest 
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energy consumption, which will subsequently be the focus of an in-depth analysis for the 

creation of improvement activities. 

C. Improvement Actions Development: The goal is to create energy-saving initiatives 

based on three standards: 

• Technique. 

 • Economic. 

 • Ecological. 

As a result, a number of elements must be considered in the evaluation, and the decision-

making process is therefore extremely significant. 

DIAGNOSIS OF THEEXISTING SITUATION 

This audit was carried out in 2017 at typical water pumping stations, which have 15 distinct 

pump units. In order to determine the energy consumption relative to production, this section 

analyses the pumping station's inventory and energy usage. It then proceeds to track and 

evaluate the various consumptions and energy bill metrics. Our system uses 185 056 MWh 

annually, or 28% of the platform's electrical energy. Since it is obvious that the station in 

issue consumes a lot of energy, any improvement will reduce the yearly energy bill. The 

contribution of this station to the overall plant consumption is shown in Figure 1 below. 

 

Figure 1 shows how much energy the pumping station uses. 

A. Electricity Consumption Distribution at the Pumping Station: According to Figure 2, 

the motor-pumps account for 80% of the station's energy use. As a result, we are only 

interested in studying motor pumps. 
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                        Fig. 2. The pumping station's distribution power consumption 

In industrial motor driven systems, pumping systems typically account for 18% of energy 

usage [13–14]. 

B. The Mode of Management and Anomalies: By starting or stopping a motor pump in 

response to consumer and user demand, the seawater pumping system is managed. Following 

a station inspection, we were able to identify a few faults, including: 

 • Inexplicable starts and stops of motor pumps that shorten the lifespan of vital equipment. 

• Occasionally, the discharged flow exceeds the flow required by the client, resulting in an 

overflow at the spillway. 

• The station's total blackout. 

• The regrouping pipe, where the flow of the released water is metered, does not allow for 

individual motor-pump performance management. 

PERFORMANCE EVALUATION MEASURED PARAMETERS 

To ensure that the analysis's findings are applicable, the amounts required for the audit must 

be measured precisely. In this regard, it's critical to precisely describe the technical 

requirements required to ensure that the measurement companion is neither undersized, 

which would suggest analysis errors, nor excessive, which would suggest idly spending 

money, time, and human resources on materials. The two categories of parameters that must 

be measured are hydraulic measurements and electrical measurements. 

A. Hydraulic Measurements: With the aid of calibrated measurement tools, the hydraulic 

parameters are measured. During the measurement, the system cannot experience any 

interruptions. These actions will be taken right inside the discharge lines. To acquire the 

hydraulic data and parameters, the following measurements are required. 

• Flow of pump discharge. 

• Pressure during suction and discharge 

B. Electrical Measurements: Electrical measurements are taken by electrical specialists 

during routine operations rather than when the pumps are turned on. 

• Voltage 
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• Current 

• Power factor 

C. Efficiency of the Motor Pump Units: Calculating the pumps' efficiency (p) involves 

dividing the hydraulic power (Ph) by the absorbed mechanical power (Pm). 

 

It is advised to assess the electromechanical efficiency of the motor-pump because it is 

challenging to measure the mechanical power separately and then calculate the efficiency of 

the pump. 

The electric power is calculated by the equation (2): 

(2) 

Where: 

U: the measured voltage (V), I: the measured current (A), Cos φ: power factor. 

The electromechanical efficiency corresponds to the efficiency of the motor pump assembly 

is: 

  

D. Specific Consumption: The link between the energy required by the seawater pumping 

system and the overall amount of water generated and delivered to the customer is 

represented by specific consumption. As shown below, the precise usage is computed: 

 

The pumping station's precise energy usage ranges from 0.132 to 0.161 KWh/m3, with an 

average of 0.153 KWh/m3. According to Figure 3 below. 
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Fig.3. Evolution of specific consumption 

Establishment of a management system for the sea water pumping station: We come to 

the conclusion that the pumping station has the highest consumption point in our research 

system. It is also notorious for management problems, such as spillway overflows and abrupt 

motor-pump starts and stops that are not necessary. In order to guarantee the customer's 

constant supply of seawater while optimizing pumped flow and energy use, we suggest and 

evaluate a pumping station management system. We have thought about the following 

theories in order to answer our dilemma. 

• Preservation of material flow (no leaking pipes). 

• The seal evil is average 

• Reliability of data obtained from daily records. 

• Price of KWh is 0.7DH. 

A. Formulation of the Problem: We utilize the "Microsoft Excel" program to address our 

issue. We'll be using Excel 2013, the most recent version. To lower the price of energy bills, 

we work to establish the pumping station's ideal operation. While guaranteeing that the water 

demand is consistently met and taking into consideration the storage conditions 

Table I displays the electromechanical performance calculation findings. It should be noted 

that the measurements were made over the course of one month, and we used the average 

value. 

Table 1: Calculation of the electromechanical efficiency of motor-pump 
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For this purpose, we have categorized the pumps into three pumps that produce 18000 m3/h, 

seven pumps that produce 15000 m3/h, four pumps that produce 9000 m3/h, and one pump 

that produces 7500 m3/h. The total number of combinations is equal to: 

 

The flow, power, and efficiency of the various combinations are then calculated. Any 

combination without a flow in this interval is removed from the calculation to limit the 

number of combinations: [65000 - 110000] m3/h, the plant's flow rate consumption of sea 

water in its normal operation. We have 113 combinations left. 

 

The second stage, which entails extracting sub-combinations by incorporating the features of 

each motor-pump unit, is carried out after creating the combinations in accordance with the 

pumps flow. Each combination has several sub combinations that are determined by 

cardinality by equation (8). 

Equation (8) will be demonstrated using the following example. Let's determine how many 

sub combinations were drawn from the combination in which the pumps are active: A pump 

of 9,000 m3/h, a pump of 7,500 m3/h, two pumps of 15,000 m3/h, three pumps of 18,000 

m3/h, and one pump each. There are a total of sub-combinations. 
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As a result, the combination of the prior example yields 84 potential combinations. 

In the end, we discovered 17314 combinations after scanning every possible combination, 

and we estimated the flow, power, and matching efficiency for each of these. Using the 

"Remove duplicate rows in Excel" tool, combinations are verified. The flow, power 

consumption, and efficiency of every potential combination are now stored in a database. 

B. Calculation of Sea water Demand: The need for seawater changes depending on how 

many production lines or workshops each unit has running. In order to compute the entire 

demand, as indicated in Table II, it is sufficient to prepare an Excel table with the various 

manufacturing lines and their current operational status. 

 

To choose the combination that can pump the exact required flow while using the least 

amount of power and maximizing efficiency, it is necessary to set conditions on the flow, 

power consumption, and efficiency. 

The first requirement on our calculation page is called "optimum flow"; it aims to find 

combinations with a flow rate greater than the demand with the least amount of overflow. 

Condition 2 "minimum power absorbed": This second requirement aims to select Test 1 

combinations that have the least amount of power absorbed. 

criteria 3: "Maximum Efficiency": The third criteria require selecting the combination that 

has the highest level of efficiency out of those that passed conditions 1 and 2. 

The "IF" function is used to do the tests, which determines whether the condition has been 

met and returns a value if the outcome of a previously defined condition is true or a different 

value if it is false. 

RESULTSANDDISCUSSIONS 

The Excel function "VLOOKUP" is used to find a value in the target column and return it to 

a specific cell in order to illustrate the ideal combination, its properties, flow, and absorbed 

power. 
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We evaluated the energy consumption of the station over the course of 15 days with the 

consumption that would have occurred over the same period (from May 25 to June 8 2017) in 

order to determine the gain attributable to the employment of this management system. 

Figure 4 depicts the changes in demand, pumped flow, and flow to be pumped following 

improvement throughout this time period. We observe that the pumped flow is significantly 

greater than the demand, which accounts for the spillway overflow. The evolution of the flow 

after improvement exactly matches the demand, making it the ideal flow. 

 

Fig.4.Evolution of demand, pumped flow and flow after improvement. 

Figure 5 depicts the development of the actual absorbed power over the same time period as 

the improved power produced by our management style. The real power is definitely higher 

than the enhanced power, and we also see several spikes in the real power's evolution that can 

be attributed to the unjustified start-stop pumps. 

 

Fig.5. Variation in real and improved power consumption. 
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Finally, we determine the projected benefit by comparing the energy used in practise to the 

energy used in a trial period under our suggested management style. Table III presents the 

outcomes of the anticipated gain. 

In the end, we determine the predicted benefit by comparing the energy used in practise to the 

energy used under our suggested management mode during the trial period. Table III displays 

the projected gain's outcomes. 

 

CONCLUSION 

The implementation of a management system for seawater pumping stations has been 

examined in this research. In order to meet such a demand for water, a strategy for selecting 

the best possible combination has been established, taking into account the need for 

maximum efficiency, minimal power usage, and optimal flow. We were able to determine the 

main issues with the pumping station thanks to a preliminary examination. The effectiveness 

of the systems and the management of consumption were then assessed through a thorough 

audit. Finally, we concluded our case study by demonstrating how the proposed energy 

optimization approach and improvement options enable us to reach an expected annual gain 

of 11MDH. Another benefit is that this kind of project doesn't require any investment. And 

investment and lengthens the lifespan of the production's essential machinery. 
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ABSTRACT: The rise in population is a major concern as the operation of coffers becomes delicate. 

With the increase in the need for smart metropolises. Smart metropolises are developed in such a way 

that the problems are answered using technologies like Internet of Things (IoT) technology. One 

similar problem is parking. Parking in busy thoroughfares is delicate and is a cause of lot of vexation 

to the people. The difficulty lies in the fact that people won't know the vacuity of parking places. The 

end of this paper helps to ease the parking issues faced by the people by the use of a smart parking 

system. The free parking niche is determined using Ultrasound detectors connected to an Adriano 

board and the data is uploaded to the database. The data from the pall can be brought and the parking 

niche vacuity can be attained in real time through a web point. The paper also provides the 

methodology for enforcing this work. The effective software bias have been linked and the farther 

advancements which are probable have been described compactly. 

Keywords- Ultrasound detector, Database, Arduino, Smart car parking, cloud 

INTRODUCTION 

At the point when IoT is increased with detectors and selectors, the invention turns into an 

circumstance of the further broad class of digital physical fabrics, which likewise 

incorporates advances. For Example, keen networks, virtual power plants, brilliant homes, 

canny transportation and shrewd civic communities. Among the difficulties that defy in 

everyday life one of utmost necessary test is parking the car wherever people go. As our need 

expands our setting out supplements still because of extreme proliferation in application of 

vehicles and proliferation in crowd this design defy the violent assignment of parking auto 

especially amid busiest hours of the day. Amid zenith hours the maturity of the saved parking 

zone gets full and this leaves the customer to checkup for their parking among other parking 

area which makes further movement and abandons them with no sign on availability of 

parking spot. To master this issue there's clearly a demand for composed parking in business 

condition. To outline similar parking there need to assess reservation of parking space with 

ideal parking spot which relies upon cost and time. still this design compose the time driven 

grouping strategy which takes care of the issue of parking exercising opening assignment 

fashion. The abecedarian alleviation of this adventure is to dwindle the movement clog that 

happens in and around the civic zones which is brought on by vehicles looking for parking. In 

the diurnal papers, numerous papers with respect to the stopping issue each over India like 

Delhi, Mumbai, Chennai, Bangalore and multitudinous metropolitan civic areas. Developing 

crowd has made multitudinous issues; stopping issue is one of the enormous issues in our 

everyday life. In a current study, judges have set up that for one time, auto cruising for 

stopping made what might as well be called 38 times trips far and wide, consuming177914.8 

liters of energy and delivering 730 tons of CO2.  
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PARKING GARAGE PROBLEMS 

Trouble in chancing Vacant Spaces, snappily chancing an empty space in a multilevel 

parking garage is worrisome if not unbelievable, particularly on ends of the week or open 

occasions. Discovering spaces amid ends of the week or open occasions can take over 10 

twinkles for around 66 of guests. colosseums or shopping center are swarmed at zenith ages, 

and trouble in chancing empty openings at these spots is a noteworthy issue for guests. shy 

car parking space prompt exertion blockage and motorist disappointment.  

WORKING 

There are colorful styles for the development of car parking robotization, study of numerous 

papers shows that mortal involvement in car parking is more. This should be reduced vastly 

and that will be the main ideal of designing an automatic car parking allocation system. 

There's comparatively lower robotization in practice when it comes to car parking allocation 

in our country. One similar illustration is the automated car parking system at the Bangalore 

International Airport. The system uses a combination of detectors, cameras, and software to 

manage the parking of vehicles in amulti-level car demesne. The system is designed to 

optimize space application and reduce the time taken to situate and recoup buses. Another 

illustration is the automated car parking system at the World Trade Center in Mumbai. The 

system uses a combination of detectors and lifts to situate and recoup buses. The system is 

designed to reduce the space needed for parking and to ameliorate the effectiveness of the 

parking process. While these exemplifications show that automated car parking systems are 

being enforced in India, they're still fairly rare. Countries like Europe, the United States, and 

Japan have enforced advanced mechanisms in making automated car parking allocation 

systems. thus, we made this design using simple detectors and a micro controller. Since 

mortal hindrance is seen in allocating spaces, gratuitous locks of vehicles be, especially 

during peak hours. therefore, optimal results are attained at a low cost when introductory 

detectors are used rather of using conventional styles as seen in shopping promenades. In this 

system, we've fitted an Ultrasound detector at the entrance of the gate on both sides and it's 

placed in every car parking niche available collectively. In parking places two detectors are 

fixed underground, the distance between two detectors is small enough to descry all the 

hatchback cars in India. This will help place detectors effectively in the parking system. thus, 

no cars will be left undetected by the Ultrasound detector. Then we use Arduino as the 

microcontroller to transfer the information entered by the detectors to the servomotor, TV, 

LEDs, etc. LEDs, LCDs, and servomotor are connected to Arduino as affair bias. therefore it 

reacts grounded on the inputs attained from the detectors i.e. discovery of vehicles and 

allocation of place. This will be an optimal car parking allocation medium and it'll have a cost 

effective approach in designing. Servomotor was used for gates open and close operations, 

and TV is used to display the details of a parking niche available with is a content addition 

from the references. In some cases, RFIDs were used. The operation of RFID medium will 

give more accurate results with high effectiveness. But this medium cannot be applied far and 

wide since people visiting the spots cannot be prognosticated before their appearance. The 
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input information that we admit are veritably anonymous. There's no place for obscurity 

when RFID’s are used. It's insolvable pragmatically to give RFID receiver markers to all 

buses to be situated. Originally, when the car enters through the gate, the Ultrasound detector 

in the gate detects the car and sends the signal to the microcontroller, which resends the 

signal to the servomotor after checking the number of places available for parking. The 

servomotor is turned 90 degrees up to open the gate when there's a place available to 

demesne. The Ultrasound detector at the other side of the gate is used to count the number of 

cars entering the parking area and it decrements the counts and displays them on an TV. The 

display shows the remaining number of empty car parking places and the total number of 

places enthralled formerly. LED suggestion is used to show specifically which niche is filled 

and which niche is empty. therefore, we aim to propose a car parking allocation system that 

represents a completely automated model with minimum mortal intervention and overcome 

the limitations of being systems.  

BLOCK DIAGRAM 

The block diagram figure 1 mentioned below explains the methodology of the proposed 

project. The inputs for the microcontroller are the signals from the Ultrasound sensors in the 

entrance and the parking slots. Similarly, the outputs are given to the servomotor, LCD, 

LEDs, etc. The inputs received from the sensors are processed in the microcontroller and an 

alternative output required as programmed is received in the output devices. The total setup is 

powered by a 5V given to the Arduino. It can be operated up to 12v since we have connected 

a servomotor to the microcontroller. The inputs from the Ultrasound sensor in the entrance 

are given into the microcontroller. The microcontroller operates the servomotor there by 

opening the gate with respect to the inputs from the IR sensors inside the slots. This reduces 

the count in the LCD display, indicating empty spaces by LED indications. Servomotor helps 

in operating the gate. It will be closed if all slots in the parking garages are occupied 

completely. 

 

 

 

 

 

 

Fig.1 Block Diagram of arduino interface 

The block diagram figure 2 corresponds to the hardware interaction with the web application. 

At first the ESP 8266 will Collect the data from the sensing unit i.e. the sensor and after that 

it will store the data in a database and then through web page and database interaction the 

data of several parking slots can be obtained with the help of website. 
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          LCD Display Ultrasound 
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Fig.2 Block diagram of web Interface 

The ESP 8266 can be powered using voltage between 4.5V to 10V. The ESP 8266 will also 

work with a maximum voltage between of 12V. But always it is highly recommended to keep 

the input voltage between 4.5V to 10V. Arduino Uno ATMega 328 Servo Motor LCD 

Display Ultrasound Sensor2 I2C Interface Power Supply Ultrasound Sensor1 ESP 8266 

Power IR sensors Supply Web Application  

APPLICATION 

It can be in chancing empty parking places before entering inside the parking area. It can 

regulates the entry of redundant vehicles when all the places were enthralled. It's suitable for 

all kinds of structures. Requires low conservation. Detectors used are veritably simple and 

optimized grounded on our requirements. Simple system and cost of construction is low. 

Regulates business in front of the parking places. Proceedings of the International Conference 

on Artificial Intelligence and Smart Systems. Gives proper instructions through LCD 

displays. User friendly Conclusion This system gives solution to the problem of traffic 

congestion in front of the parking garage. Conventionally there is no such automated system 

for allocating spaces for parking vehicles. So, this will make parking allocation simple and 

well organized with systematic first come first serve basis. Directing people to empty parking 

slots and indicating exact locations adds more credibility to this system. In case of no space 

in that specific floor’s parking garage, it will direct the driver to go to next floor for parking. 

These were some of the merits of the system. Though this will be useful, there is no 

assurance of its speed of regulation when more vehicles accumulate. It may regulate the 

traffic, but this system will not be very useful during leisure hours and this system cannot 

work ideally. The concept of pre booking of parking slots will be new but it will create some 

confusions. If the person who booked a parking slot arrived lately, the place should be spared 

to another individual. Future scope We can develop an Integrated smart parking system so 

that one can manage a parking slot easily with the help of web application.  

Reference 

[1] 2020 International Conference On Emerging Trends In Information Technology And Engineering (Ic-

ETITE) 978-1-7281-4142-8/$31.00 ©2020 IEEE 

[2] Second International Conference On Smart Systems And Inventive Technology (ICSSIT 2019) IEEE 

Explore Part Number: CFP19P17-ART; ISBN:978-1-7281-2119-2 

[3] International Journal Of Computer Applications (0975 – 8887) Volume 169 – No.1, July 2017 

[4] Noor N.M, Z Razak And Mohd Yamani, ―Car Parking System: A Review Of Smart Parking System And 

Its Technology, Information Technology Journal, 2009.  

[5] Mohammed Ahamed, Wangguangwei “STUDY ON AUTOMATED CAR PARKING SYSTEM BASED 

ESP 8266     IR sensors Power     

Supply 

 Web Application 



INTEGRATED SOLUTION: SEM 2023  ISBN: 978-81-961781-0-9 

139 

ON MICROCONTROLLER”. International Journal Of Engineering Research And Technology ISSN: 

2278-0181, Volume-3, Issue-1, January-2014  

[6] Wuhongwang “METROPOLIS PARKING PROBLEMS AND MANAGEMENT PLANNING 

SOLUTIONS FOR TRAFFIC OPERATION EFFECTIVENESS” Hindawi Research Paper, Volume 2012, 

Article ID-678952  

[7] Ma. Janice J. Gumasing And Charles Aaron V. Atienza “Parking System For Shopping Centers In Metro 

Manila” IEEE Journals  

[8] Sungheetha, A Key, And Rajesh Sharma. "Cost Effective Energy Saving System In Parking Spots." Journal 

Of Electronics 2, No. 01 (2020): 18-29. 

[9] International Journal Of Computer Applications (0975 – 8887) Volume 169 – No.1, July 2017 

[10] 2018 5th International Conference On Industrial Engineering And Applications 

[11] Proceedings Of The International Conference On Artificial Intelligence And Smart Systems (ICAIS-2021) 

IEEE Explore Part Number: CFP21OAB-ART; ISBN: 978-1-7281-9537-7 

[12] 2017 International Conference On Advanced Computing And Communication Systems (ICACCS -2017), 

Jan. 06 – 07, 2017, Coimbatore, INDIA 

  



INTEGRATED SOLUTION: SEM 2023  ISBN: 978-81-961781-0-9 

140 

CHAPTER-3.8 

Optimal Bidding in Restructure Power System 

Deepak Singh Karki1, Deepak Kr. Verma2 

1Lecturer (EE) JBIT Dehradun, India 
2Asst. Professor, JBIT Dehradun, India 

deepak.karki00@gmail.com 

ABSTRACT: This paper dealt with brief knowledge of optimal bidding in restructured power system. 

Participants in a competitive electricity market develop bidding strategies in order to maximize their 

own profits. On the other hand, it is necessary for regulators to investigate strategic bidding behavior 

in order to identify possible market power abuse and to limit such abuse by introducing appropriate 

market management rules. 
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INTRODUCTION 

Since the 1980’s much effort has been made to restructure the traditional monopoly power 

industry with the objectives of introducing fair competition and improving economic 

efficiency. The creation of mechanisms for power suppliers, and sometimes for large 

consumers, to openly trade electricity is at the core of this change. Ideally, the market 

structure and management mechanisms or rules in an electricity market are sufficiently well 

designed and competition among participants sufficiently vigorous to direct the operation of 

the market towards maximizing social welfare. 

OPTIMAL BIDDING 

For a GENCO to survive in competitive environment, it has to operate very efficiently. But 

only efficient operation sometimes may not suffice because in the energy auction it has to sell 

its products at competitive prices to get the maximum profit out of it. Several factor affect the 

profitability of GENCO like own bids, bids placed by its competitor, total energy demands 

among others etc. 

While a GENCO has no control over the bids of its competitors and the energy demand, it 

can make its own strategy to place such a bid that provides it highest profit at lower risk. By 

risk it is meant that the amount of regret involved. A bid is called highly risky if it can yield 

large profit but its probability of being selected is low, so more often than not it will not be 

selected leading to regret. A low risk bid is such bid, which may have lower profit earning 

capability but high probability of being selected, so there is no regret. 

The Method by which the optimal bidding problem is solved are as follow: 

Game theory 

Dynamic Programming 

A genetic algorithm-based method. 

mailto:deepak.karki00@gmail.com
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Optimization based bidding strategies. 

Markov Decision Process 

ENERGY AUCTION AND COMPETITIVE BIDDING 

In a competitive electricity market, the seller and buyers submit bids for energy buy and sell. 

The bids are generally in the form of price and quantity quotation and specify how much the 

seller or buyers are willing to buy or sell and at what price. 

After the bids are available to the market operator, it settles the market based on some 

criteria. Once the market is cleared, all selling participants receive a uniform price for their 

power delivered, i.e., the market price from the buying. 

 

Fig. 1 

In case of auction, where all winning bidders are offered the same price without 

discrimination, and regardless of their individual bid, is known as non-discriminated or 

second price auction. This is usually the price of the highest priced bid that is cleared in the 

market. 

The non-discriminated auction provides incentives to bidders to bid on their true costs and 

avoid guessing the bids of other. On the other hand, in a discriminated auction or first price 

auction, all bidders are not offered the same price after the market is settled. The bidders get 

the price that they had bid for, in the first place. A disadvantage of this system is that it can 

give gaming opportunities for the participants thereby providing ample scope for over-

bidding and pushing up the market clearing price. 

Once the buyer and seller bid the amount of energy and the price, the power exchange forms 

an aggregate supply bid curve for consumers. The curve for suppliers and aggregate demand 

bid curve for consumers. The curves are plotted on coordinates of, supply and demand energy 

and price as shown in the figure (1). The point of intersection of two curves determines the 

market-clearing price (MCP). At this point, the supply satisfies the demand. The point of 

intersection of two curves determines the market clearing price. determines the market- 

clearing price (MCP). At this point, the supply satisfies the demand. The MCP is the price of 

electric energy that is paid by consumers at all the places. The sellers are also paid the price 

equal to the MCP. 
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Consider the power exchange auction. MCP is the highest sell bid or lowest buy bid accepted 

in the auction. Thus, a seller is certain he will be paid no less than its cost of production if he 

bids its marginal cost, and may be paid more. If a seller bids less than his marginal cost, he 

will lose money because his bid may set the MCP. If he bids more than his marginal cost, he 

may bid more than other sellers and fail to be selected in the auction. If the MCP is higher 

than this marginal cost, then he would earn profit or contribution to fixed cost. Buyer itself 

makes similar considerations. 

AUCTION AND BIDDING PROTOCOLS 

An auction is an economically efficient mechanism to allocate demand to suppliers, and the 

formation of electricity markets. Bidding is an issue connected to the auction. It is obvious 

that development of bidding strategies should be based on market model and activity rules, 

especially auction rules and bidding protocols. Many auction methods exist and can be 

classified in many ways. The two main categories differ according to whether the auction is 

static or dynamic. In static auctions, the bidders submit sealed bids, while in dynamic 

auctions bidders can observe the bids of others and revise their own sequentially. 

Static auctions can be classified according to discriminating or non-discriminating pricing. In 

the former bidders are paid their offered prices if they win. In non-discriminating auctions, all 

winning bidders are paid a uniform price, such as the first losing bid or the last winning bid. 

In cases of multiple sellers or multiple buyers, the non-discriminating pricing auction is 

usually employed to encourage the bidders to bid their marginal costs or benefits. Auctions 

can also be classified as “open” or “sealed-bid”. Open auctions may be classified as English 

(ascending bid) or Dutch (descending bid).  

Sealed-bid auctions can be classified into ‘first price’ and ‘second price’ auctions, and both of 

them are usually referred to as non-discriminating auctions, the only difference is whether the 

uniform price is set according to the last winning bid or the first losing bid. An auction is 

called a double one when both the sellers and buyers are required to submit bids. To our 

knowledge, almost all operating electricity markets worldwide employ the sealed bid auction 

with uniform market price. 

Another important factor related to bidding strategies is bidding protocols. Depending on 

different market designs, the energy bids may include several price components (multi part 

bid) or a single price component (single-part bid). In either case, the energy bid may include 

several energy price segments depending on the amount of energy supply. 

CONCLUSION 

The electricity market is the same as other markets (e.g. vegetable market) but with some 

exceptions. These exceptions are due to high risk in the electricity market. The electricity 

market is very risky because electricity is not storable in bulk quantity. The cost of continuity 

of electricity is more than the cost of electricity in the electricity market. In a fully 

competitive electricity market, each participant should bid at its marginal cost in order to 

maximize its revenue. However, some practical electricity markets such as India electricity 
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market are not a perfectly competitive one because of the characteristics such as the severe 

generation and transmission constraints. So, it is critical for a GENCO to devise a good 

bidding strategy in order to maximize its potential profits. 
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ABSTRACT: The development of electric power is a crucial component of economic growth and a 

crucial assurance of industrial modernization. Today, as people's quality of life has improved, 

electricity has grown to be essential to maintaining people's safety. Therefore, economic growth, 

industrial modernization, and people's lives are significantly impacted by the steady and dependable 

development of the electricity system. The power system and its combination have developed into a 

significant application area known as the reliability evaluation of the power system. This field has 

permeated the entire industrial chain of the power system and is a reliable assurance that the 

industrial chain will reap economic and social benefits. This study proposes the primary steps to 

increase the operation reliability of the power system in order to satisfy the operational requirements 

based on an examination of the operation reliability of the power system. 

INTRODUCTION 

The performance of large-scale equipment is crucially dependent on system reliability, which 

is not only related to the dependability of each component but also to the way those 

components are connected. The social economy of China is expanding quickly, and it is 

progressively going in the direction of a high-level, high-capacity Internet. Problems can 

emerge as the process continues to evolve. The security and dependability of the electrical 

grid are the most visible. A large-scale power outage event frequently results in power 

outages in several locations, which ultimately affects people's everyday activities and quality 

of life. In order to increase the cognitive level of power system operation reliability, it is 

important to emphasise the stability and security of power grid operation. This directly 

increases the reliability of power grid operation to the level of national security strategy and 

allows for the realisation of in-depth studies of power grid operation. 

Explanation of the Dependability of Power System Functioning: The notion of reliability 

applied to power system operation is primarily intended to describe the dependability of 

power system operation. At first, people would interpret reliability as a symbol to gauge the 

quality of items. The provision of reliable electric energy is the most fundamental duty of the 

power system. The protection of some of the equipment management in the process of the 

power system must be realized for the operation of the power system to be reliable. Operation 

before. Here, dependability refers to a system's capacity to do its most fundamental tasks 

within the confines of a particular time frame and set of conditions. 

Definition: Applied science, power system reliability combines theory (reliability principles 

and methods) with practice (real-world power system engineering challenges). It has two 

components: power industry reliability management and power system reliability engineering 

technology. 
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Essence 

In order to fully utilize the potential of the power supply system and continuously deliver 

stable power energy to all users, as well as to achieve the goal of total quality management 

and comprehensive safety management for the entire power system, it is essential to use 

economical and reasonable technical means and management techniques. In general, 

activities to increase the level of power system reliability fall under the purview of the power 

industry's reliability work, including extending the service life of the system, enhancing the 

system's safe operating environment, and other such actions. 

Primary Tasks 

The primary goal of power system operation reliability is to collect data generated by power 

components throughout historical operation processes as well as data collected following 

component reliability tests. The dependability of components can be resolved by analyzing 

this section of data. The necessary analysis and simulation processing may be carried out 

while taking into account the power model's predicted load changes and the power system's 

dependability model. The planned function in the power system cannot be completed by this 

type of simulation in the allotted time. In order to obtain the most useful data and conduct a 

focused analysis, we must additionally do the relevant computation after the simulation. The 

operation and control of the power system may then be thoroughly evaluated, and auxiliary 

decision-making can be done, on the basis of opportunity system investment and reliability 

coordination. Finding the solution to reduce dependability and setting up the necessary 

departments to implement it are the goals. 

Reliability Analysis 

i) Purpose of testing: The whole system reliability quantitative system should be used in 

power system planning and design to detect and analyse potential system faults, and 

corresponding technical measures should be taken to reduce the impact of faults on the 

normal operation of the system. This is in accordance with the experience of power system 

reliability detection. The thorough evaluation of dependability is ensured, and the 

comprehensive advantages of power system operation are kept in the best state for a long 

time, when compared to the cost investment and the economic benefits produced by system 

operation. For the evaluation of power system reliability, we determine the purpose of 

detection, then we can develop the corresponding detection technology, so as to determine 

the type of fault, and effectively make professional evaluation and judgment on the severity 

of the fault. In order to make the reliability of power system reach our expected level, 

ensuring the adequacy and security of power system is the primary evaluation property. In the 

event of a sudden malfunction, the necessary precautions are taken to prevent the impact of a 

drop in power load on system components. The integrity of the system should also be taken 

into consideration in order to separate and regulate the system's primary components.  

ii) Stage of planning and design: When designing a power system, it is important to 

consider ways to reduce harm in the event that the needs are exceeded. To prevent the effects 
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and extend the blackout range, the system needs to be able to resist various levels of 

disruption. At the same time, it safeguards the equipment from harm while providing a safe 

working environment for the personnel. The power system's operation dependability 

evaluation carries out numerous operating modes while reducing the risk that is under our 

control. The design and determination of the system's reserve capacity and maintenance plan, 

as well as the output and input power data values and output and input electric energy of 

linked systems. 

iii) Reliability standards: The numerical parameters that satisfy the stated reliability 

evaluation goal, or the online unreliability criteria. First and foremost, the transmission and 

transmission linked system must be able to successfully handle the conditions of a power 

generation system and a rapid system outage in order to define the performance test 

requirements. The system's functioning before the disturbance and the disturbance itself 

should be included in the combination of distinct defects. The system should be kept in 

continuous power supply mode to account for the loss of one component in a multi-

component system. As a result, the N-1 concept is used in numerous nations' transmission 

and transmission interconnection networks. This criterion has some dependability and 

stability, and its idea is indirect and unambiguous in order to prevent the reduction in power 

consumption caused by unexpected failure. It is frequently employed in the assessment and 

evaluation of power system dependability. 

iv) Simple implication: The power source can operate continuously throughout the day as 

long as it meets the quality and quantity specifications outlined by the power system. We can 

thoroughly assess if the power generation is enough and whether the system is flawed 

through the power generating system. When a failure arises, the power generating system will 

communicate that there is not enough power, and the load point will not be able to receive the 

electricity that the transmission and distribution system is transmitting. In contrast, electricity 

will be sent to any load point without interruption. The most important element in regular 

electricity generation is the system's dependability. 

v) Technical evaluation: The dependability information management system must be 

established as the next step. The observation record is created in accordance with the system's 

operational status at the location, and when data processing is completed with the aid of 

computers, it serves as the foundation for dependability evaluation. In order to judge the 

behavior of system components, examine the nature of disturbance causes, and enhance 

reliability modelling, it is necessary to establish a detection device for major accidents, install 

disturbance detection equipment in the system operation status, and detect disturbance 

information and fault judgement of the gearbox and gearbox interconnected system. 

Measures to ensure the electrical system operates safely: In order to increase the overall 

degree of dependability, the study of power system reliability primarily takes into account 

data collecting, logical analysis, and key fulcrum search, as illustrated in Figure 1.Wecan do 

the ensuing analysis after screening reasonably if we have a solid understanding of the 

contents of Figure 1. 
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Figure 1. Main work of power system engineering reliability 

Safeguarding the system during operation: 

i) Operation of relay protection system: Power systems themselves are a part of the 

network that connects them. When a connection experiences operational issues, the entire 

system is affected and may possibly fall apart as a result. The relay protection system is the 

most crucial connection among them. In order to determine whether the relay protection 

system is reliable, it is important to first determine whether it has refused to act when the 

power supply fails, and then to determine whether it has taken the incorrect action. The relay 

protection system device itself has some automation and a defence function that can fulfil the 

requirements of the power system's stable functioning.In order to operate the power system, it 

is required to identify any impediments by using relay protection, which can then be targeted 

to address the issue and prevent additional damage to the power system. How therefore can 

the dependability of relay protection system construction be improved? It must be done from 

the following angles through reasonable analysis: 

Relay protection system dependability requires thorough oversight, which might range from 

the creation of the relay protection device through the supervision and usage chain. 

(1) Create a system that is very reliable, strengthen the pertinent rules and regulations, and 

constantly train workers so that the appropriate fixes may be applied in the event of 

unforeseen issues. The criteria of a relay protection system's dependability may be addressed 

through a solid technological basis, and the system's overall operating reliability can 

eventually be achieved.  



INTEGRATED SOLUTION: SEM 2023  ISBN: 978-81-961781-0-9 

148 

(2) The relay protection system can also be altered if the functioning of the power system is 

unable to comprehend the situation. This is mostly due to the relay protection system's 

negative environmental effect, which prevents it from performing as intended. One of the 

most important considerations is the sealing of the relay protection itself, and an appropriate 

modification should be made for indoor use.  

ii) DC power supply of power system: 

(1) Perform well in the areas of design, choice, and procurement. In contrast, a typical power 

supply finds it challenging to satisfy all requirements, making it unable to ensure 

dependability. As a result, most individuals will employ high frequency switching power 

supplies. In addition to being able to fulfil weight criteria, this power source provides high 

power and low emission. It can ensure that the capacity to withstand electromagnetic 

interference is met together with the dependability criteria. 

(2) Reasonable battery management and selection. With its unique benefits, sealed lead-acid 

batteries may be used to satisfy the needs of a reliable power system. Due to the sealed nature 

of the valve-regulated sealed lead-acid battery, there won't be any leaks or acid mist. 

Furthermore, it has a high degree of sealing and may shield and isolate the positive and 

negative plates.  

By doing this, the material won't come off as readily and its service life can be substantially 

increased. After choosing a battery, it is vital to maintain and repair it in order to identify any 

battery shortages and fulfil dependability standards. 

iii) Human error as a contributing component: The electricity grid may collapse due to 

technical operators' errors, which is brought on by human causes. As a result, it is examined 

if human factors are reliable: When there is a problem with the electricity grid, it is important 

to quickly pinpoint the source of the problem and then come up with workable solutions. 

Human activity will have a direct impact on how well the system recovers from failure. For 

instance, it is important to thoroughly inspect the real position of the three-phase circuit 

breaker and manually fix the defect when the signal of "three-phase position inconsistency" is 

present in the single-phase operating circuit breaker. There will be positive sequence, zero 

sequence, and negative sequence voltage and current during non-full phase operation.  

CONCLUSION 

People utilize more electrical devices in their daily lives as China's economy continues to 

grow. The dependability of the electricity system, which is the primary engine for the nation's 

development, has a direct impact on the growth of the social economy and the general 

standard of living. This advances stricter standards for the dependability of the electricity 

grid. The national power supply must be ensured in order for the power system to function. 

Although the needs of the power system can be met with the use of cutting-edge machinery 

and safety controls, nothing is infallible. Once the electricity system fails, it will have an 

impact on people's lives and productivity, as well as the growth of the country's economy. 
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Therefore, the reliability of power system is not the demand of the power industry itself, but 

also the core guarantee for the orderly development of people's life and production. 
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ABSTRACT: The desire to convert from traditional, pollution-producing cars that operate on fossil 

fuels to pollution-free electric cars that use electricity generated from renewable resources is gradually 

growing. This review intends to present the evolution of electric hybrids, their sources of supply, pros 

and disadvantages, categorization, and main ingredients through the analysis of journals, blogs, and 

statistical data. The main problems with electric cars are examined, and recommendations are made. 

Additionally included are the characteristics of torque development, CO2 emissions, and variables 

influencing the adoption of electric cars. Included are research on load performance, range 

characteristics, heat management, anti-jerking systems, wireless charging, and several other aspects of 

cars.The growing popularity of e-vehicles, their sales, and significant uptick in their numbers, as well 

as government initiatives to encourage their use, are also brought to light. Also discussed are India's 

ambitious 2030 e-vehicle strategy and the initiatives made to promote electromobility. According to the 

journal's summary, proposals for electromobility and renewable energy-based green power production 

would eventually result in a world without pollution. 

Keywords: Green Electricity & Electromobility, Government Policies, Demand, Electric Vehicles, 

Drawbacks 

INTRODUCTION 

The most popular and frequently utilised fuels worldwide are fossil fuels. And in the 

incredibly little time since then—just over 200 years—humans have devoured an enormous 

quantity of them, almost eradicating fossil fuels and substantially affecting the climate. The 

world's consumption of fossil fuels is not at a standstill, and the fuel supplies are limited. As a 

result, fossil fuels will exhaust sooner. Oil is consumed on a global scale at a rate of more 

than 11 billion tonnes annually. 4 billion tonnes of crude oil reserves are being lost every 

year.ly important is. The era of fossil fuel engines is gradually coming to an end, and the 

development of novel technologies has begun to revolutionise the world.Our known oil 

resources will last until 2052 if this trend continues, without any adjustments for our 

expanding population or aspirations[1]. People should convert to green energy and shun 

energy providers that don't provide it. The single most important thing we can do to combat 

climate change is to switch to green energy. All renewable energy sources, including the 

wind, sun, tides, earth, and so on, may be used to generate green energy. The reliability of 

future industrial sector expansion, transportation, and life depend on efficient power 

production and use. Considering the high levels of pollution and environmental harm, the 

purposeful introduction of new, risk-free energy sources 
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HYBRID VS. ELECTRIC VEHICLES 

If a car uses more than one type of onboard energy to propel itself, it is considered a hybrid. 

In addition to one or more electric motors and a battery pack, a hybrid will also feature a 

conventional internal combustion engine and a gasoline tank. Diesel engines and hybrid 

systems also come at an additional expense. So far, it has proven to be too expensive to 

install both in the same car. When the vehicle is slowing down or coasting downhill, the 

motor and generator together produce power to replenish the battery while absorbing some of 

the motion. All the extra momentum in a typical automobile is lost as heat in the brakes. 

Conventional hydraulic brakes are still required to stop a car rapidly because regenerative 

braking is insufficient.If the hybrid system has adequate electrical capacity, the car might be 

driven solely on electricity.  

At the end of 2010, plug-in hybrids first started to arrive on the market. It offers a mechanism 

to connect the battery to an electrical outlet for charging while the vehicle is stationary. The 

advantage of the plug-in hybrid is that most short excursions can be made in all-electric 

mode, saving the petrol engine for longer drives. 

Classification of Hybrid and Electric Drive Vehicles:  

• Micro-hybrid gasoline/diesel powered engines, where just the start-stop operations of 

electric components are utilised.  

• Mild hybrid engines, which employ regenerative braking to assist the combustion 

engines.  

• Full hybrid engines, in which the combustion process is supported by an electric motor. 

One might operate a vehicle only on electricity. 

• The term "zero-emission vehicles" is also used to describe automobiles without 

emissions, which do not emit any exhaust gases into the atmosphere while being driven.  

• Battery electric vehicles" (BEV) are vehicles fueled by batteries and propelled only by an 

electric motor. An externally charged high-voltage battery supplies the energy needed to 

power the vehicle.  

• High voltage batteries in plug-in hybrids may be charged outside.  

• Combustion engines in hybrids with range extenders generate electrical energy to run the 

motor 

The Essential Elements of an Electric Car: The high-voltage battery with control unit for 

battery regulation and charger is part of the electric vehicle driving system.  

• Electric motor/generator with cooling system and electronic control.  

• The differential and the gearbox.  

• Brake mechanism.  
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• High-voltage air conditioning for regulating the temperature inside vehicles.  

The following is a list of the different parts, as generator/electric motor, differential-equipped 

gearbox, energised electronics, High-voltage Batteries, Lines, and Systems electronics box 

with battery regulation controller, cooling method, brake mechanisms, compressors for high-

voltage air conditioners, high-voltage heaters, Chargers for batteries, sources for external 

charging, and charging contacts. 

Fuel Cell Automobiles: Fuel cell cars (FCVs) have the potential to drastically lessen our 

reliance on imported oil and cut back on the damaging pollutants that cause climate change. 

FCVs don't have any hazardous exhaust emissions because they run on hydrogen gas rather 

than petrol. The components of a fuel cell are as follows. The electricity is controlled by the 

power control unit.  

Compared to an internal combustion engine, the electric motor pushes the car more silently, 

smoothly, and effectively while also requiring less maintenance. In order to power the 

electric motor, hydrogen gas and oxygen are converted into electricity in the fuel cell stack. 

Regenerative braking energy is captured and supplemented by the High-Output Battery, 

which also powers the electric motor.To extend driving range, hydrogen gas is compressed at 

an incredibly high pressure and stored in the hydrogen storage tank. FCVs have a traditional 

appearance yet employ cutting-edge technology. The Fuel Cell Stack is the engine of the 

FCV. The stack turns oxygen from the air and hydrogen gas stored onboard into electricity, 

which drives the vehicle's electric motor. 

Solar Automobiles: Solar-powered vehicles use electricity to capture solar energy. The 

battery that powers the car's motor is fuelled by this electricity. Some solar vehicles send the 

energy straight to the electric motor without utilising a battery. The University of Michigan 

Car, the MIT Solar Car, and the Berkley Solar Car are excellent examples of the newest 

solar-powered vehicles. Solar panels use photovoltaic cells as its primary means of 

converting solar energy into electrical current. They include semiconductors, often silicon, 

which absorb light. Electrons in semiconductors are liberated by the sun's energy, causing an 

electron flow. In solar automobiles, that flow produces the electricity needed to run the 

battery and specialised motor.They don't add to the already excessive noise pollution on the 

roads since their solar panels operate quietly. Unlike petrol engines, which produce 

greenhouse gases, solar panels don't. Most crucially, solar energy is cost-free, broadly 

accessible, and completely independent of foreign oil for the solar vehicle driver. Technology 

from the aerospace, bicycling, alternative energy, and automotive sectors is combined in solar 

automobiles. 

The benefits of electric vehicles: In comparison to petrol engines, the cost of fuel is almost 

completely reduced, and current developments make it easier to charge electric cars. DC fast 

charging is currently the fastest way to charge electric automobiles. In order to drive carbon-

free, EV owners may also combine solar panels and home charging stations. However, it's 

become simpler than ever to charge an EV at a public station even without a charging station 
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at home. The engines of gasoline- and diesel-powered cars are among the major contributors 

of noise pollution, which is harmful to human health. On the other side, electric cars are 

practically silent. That's because compared to conventional automobiles, electric vehicles 

have better power-to-weight ratios.Additionally, electric motors offer more readily available 

power and steady torque throughout time. A battery-powered vehicle is almost never going to 

blow up when it hits something, and since massive battery packs greatly reduce an electric 

vehicle's centre of gravity, the vehicle is less likely to flip over. Less maintenance is required 

for electric cars, which also results in cheaper maintenance expenses. 

Torque Comparison: As soon as the electric drive motor completes one circle, it will have 

reached its maximum torque. A start-up phase is not necessary for it to attain idle speed. The 

available torque decreases as the revolutions rise once a certain rpm level is achieved.  

This motor rotates at about 14,000 rpm. Because of these features, an electric drive motor 

does not need a sophisticated gearbox. Internal combustion engines need to be running at idle 

speed in order to create torque. With increasing engine speed, the available torque rises. 

Furthermore, this feature of the internal combustion engine necessitates a gearbox with a 

variety of gear ratios. Clutch or a torque converter is used to transfer the torque to the 

gearbox. 

Emissions of CO2: Before 2050, the amount of global warming should not rise over 3.6° F 

(2°C) above the pre-industrial average. The only way to accomplish this aim is to lower CO2 

emissions. By 2050, it is intended to reduce CO2 emissions per person from the present level 

of 45 tonnes year to 0.7 tonnes annually. CO2 emissions from electric vehicles are not 

produced directly. The evaluation of CO2 producers, however, takes into account not only the 

vehicle but also the emissions that arise during the creation of electrical energy (for instance, 

in coal power plants).  

Particularly in Germany, using "clean electricity" (i.e., electricity derived from renewable 

sources) and electromobility are strongly related. Comparing modern electric automobiles to 

those powered by internal combustion engines, it is reasonable to conclude that the latter emit 

fewer CO2 emissions per vehicle. 

MAJOR ELECTRIC VEHICLE DRAWBACKS 

The major drawbacks of owning an electric vehicle centre on range anxiety. When the car 

stops and there isn't a charging station nearby, that is the disadvantage. The deployment of 

electric vehicles should emphasise not only their universal acceptance but also the mandatory 

construction of charging facilities. The fact that many drivers will need to build a charging 

station at home is another significant drawback. The average battery life is predicted to be ten 

years, and new battery packs can be pricey. Finally, owning an EV doesn't completely 

eliminate gasoline expenditures. Capital expenses are needed for power generation as well. 

All other automotive accessories, such as the radio and car air conditioners, consume battery-

powered electricity. 
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FACTORS AFFECTING THE DEPLOYMENT OF ELECTRIC VEHICLES 

Technological elements (performance of the vehicle): While using electricity as a fuel for a 

vehicle has numerous advantages, it also has two drawbacks: it is more expensive, heavier to 

store, and takes longer to refuel. The existing electric cars would have a shorter driving range 

than diesel vehicles due to the former, and they would be more difficult to refill while driving 

due to the latter (Pearre et al., Citation2011). We now arrive at the key technical components. 

These include concern over driving range, recharge times, and the diversity of EV models. 

Range Anxiety: According to research, range anxiety is a major deterrent to purchasing an 

electric vehicle (Jensen et al., Citation 2013). According to research, customers desire an 

optimal driving range of between 300 and 450 km (Zhu, Citation 2016). However, this is 

occasionally not really attainable, which leads to range anxiety. This is most frequently seen 

when a driver loses battery power when operating a vehicle for a prolonged period of time 

and is unable to forecast the approximate distance that may be travelled on a single charge. 

Drivers were reluctant to utilise EVs for lengthy trips because to the restricted and unreliable 

vehicle range (Noel et al., Citation2020). The dependability of these cars would suffer as a 

result. 

Recharging time: In this case, the driver's choice of battery range would determine how long 

it would take to recharge the battery. Range would increase the more the battery is charged 

(Daziano& Chiew, Citation2012). However, because of the sluggish refuelling capacity, this 

results in excessive charging time (Egbue& Long, Citation 2012). Despite being considered 

the least troublesome element, it nonetheless raises the likelihood that an EV purchase would 

be rejected (Carley et al., Citation2013). When compared to fuelling an ICE car, most drivers 

find it more difficult to charge an electric vehicle (EV) (Brückmann et al., Citation2021).The 

inability to rapidly refuel and leave the house while driving creates discomfort, especially for 

on-road drivers, and they fear that EV charging time may pose to be a constraint in their daily 

routines (Graham-Rowe et al., Citation2012). Additionally, if a charging station is present at 

home, the driver cannot make unforeseen, hurried travels while the EV is being charged. It 

lessens flexibility. 

The inability to rapidly refuel and leave the house while driving creates discomfort, 

especially for on-road drivers, and they fear that EV charging time may pose to be a 

constraint in their daily routines (Graham-Rowe et al., Citation2012). Additionally, if a 

charging station is present at home, the driver cannot make unforeseen, hurried travels while 

the EV is being charged. It lessens flexibility. 

Economical aspects: These include the cost of buying the EV, the cost of gasoline, and the 

cost of the battery. According to several customer survey surveys (Carley et al., Citation2013; 

She et al., Citation2017), an EV's high purchasing price is a significant barrier. The high cost 

of the manufacturing technologies for EVs drives up the cost of the car (Noel et al., 

Citation2020). The complexity of the battery material (Lithium-ion batteries) employed rises 

as ongoing attempts and novel technologies are developed to extend the range of EVs 
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(Biresselioglu et al., Citation2018). The cost of batteries increases as a result (Noel et al., 

Citation2020). 

Lacking networks for charging infrastructure: Lack of a charging station when travelling 

is another pertinent danger (Krupa et al., Citation2014). Customers frequently ask for the 

availability of public charging stations to be expanded in order to accommodate the necessity 

for long-distance driving (Habla et al., Citation2020). Again, the expense of establishing 

these networks is substantial (Brückmann et al., Citation 2021). The future extension of the 

infrastructure for charging stations has become questionable as a result of this. The 

government and EV manufacturers might increase consumer acceptance of EVs by investing 

in infrastructure facilities (Bhalla et al., Citation2018).Some drivers are frequently 

discouraged from relying on it because there isn't a reliable charging mechanism. However, 

there is still considerable disagreement over how much support for EV adoption from the 

general public in the form of public charging stations. It is probable that adding more 

charging stations and making them accessible will reassure customers that EVs are a practical 

option to other forms of transportation (Noel et al., Citation2020). In cities where charging 

stations are installed and the visibility of EVs raised, it will be crucial to track how public 

attitudes of EVs develop (Bunce et al., Citation2014). 

Concern about the environment as a factor: Urban surface materials, the loss of forests, 

man-made heat, noise and air pollution, concrete buildings, and the construction of crowded 

roadways have all been connected to temperature increases in cities (Sampson et al., Citation 

2021). The idea that few individuals are significantly impacted by the depletion of natural 

resources and are thus concerned about environmental protection is further supported by this 

(Heffner et al., Citation2007; Mohamed et al. Citation2018). The majority of participants did 

not discover any relationship between their decision to purchase a car and their 

environmental sentiments until the topic was brought up in organised dialogues, according to 

a focus group analysis (Flamm & Agrawal, Citation2012). Asadi et al.'s (Citation2021) 

assertion is thatThe majority of the environmental issues are thought to be addressed by 

electric automobiles in the future. People and consumers agree that EV adoption would 

significantly cut pollution (Skippon& Garwood, Citation 2011). Their desire to "live lighter," 

or use less natural resources, prompts them to purchase an electric vehicle (Ozaki & 

Sevastyanova, Citation2011; Mohamed et al. Citation2018). This study's Environmental 

Index was used to gauge respondents' environmental consciousness. Currently, only specific 

social groups—environmentalists, early adopters, individuals with higher incomes, young 

urban residents, and tech enthusiasts—use electric vehicles (Axsen et al., Citation2015; 

Talantsev, Citation2017).In their paper, Skerlos and Winebrake (Citation2010) examine the 

societal advantages of adopting EVs, including a decrease in GHG emissions and other air 

pollutants. Considering the emissions from the power plants needed to charge such cars, EVs 

have demonstrated significantly lower emissions than conventional ICE automobiles. 

Whether these electric vehicles are powered by coal, natural gas, or renewable fuels will have 

a significant impact on the size of this disparity. 
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Factor evaluation: The construction, improvement, and assessment of tests, scales, and 

measures may benefit from the application of factor analysis, an important tool for data 

analysis (Williams et al., Citation2010). It is a multivariate statistical technique that is widely 

utilised in the information system, psychology, business, and educational domains. It is 

regarded as the preferred method for interpreting self-reporting surveys as well (Bryant et al., 

Citation 1999).By breaking down a large number of variables (or factors) into smaller sets, 

factor analysis. It also shows if the constructions are legitimate. It is referred to as a data 

reduction technique and is used to break down enormous data sets into smaller 

ones.Exploratory factor analysis is one method taken into consideration in this investigation. 

To determine if a sample is enough, the Kaiser-Meyer-Olkin (KMO) Test and Bartlett's 

Sphericity Test are utilised. The KMO test for sample adequacy is advised when the variable 

to participant ratio is around 1:5 (Williams et al., Citation2012). A 0.5 KMO value for the 

sample study should be the minimal significant value for moving on with factor analysis, 

according to the KMO measure of sampling adequacy (Kaiser, Citation1974). The sample 

can be deemed acceptable when the Bartlett's sphericity test significance value is less than 

0.05. KMO and Bartlett's sphericity tests were thus used in this study to assess the suitability 

of the sample for the factor analysis.Conducting a reliability test on the variables derived 

from the factor analysis is required to evaluate their internal consistency.  

Charging Electric Vehicles Wirelessly: According to J Andersson et al. [8], the use of 

inductive charging technology can have a significant influence on perceived attractiveness, 

and as a result, should be a focus in the technology's future development. According to the 

study, inductive charging will probably result in distinct charging behaviours. No convincing 

proof that perceived safety should prevent a wider use of inductive charging is the evident 

advantage. 

Energy Use Assistance Tool: The system implementation and measured data for the energy 

consumption assist function were proposed by Martin Mruzek et al. for electric car energy 

use assists for extending vehicle range. The technology alerts the driver to any restrictions, 

such those brought on by bad weather or a low battery level. The clever Energy Usage 

Assist's function is to communicate with the driver visually and audibly. Data from the 

battery management system and vehicle control unit will be sent to the energy consumption 

help. The speed restrictions will be determined by an integrated GPS receiver. Maps system 

will instruct driver through display based on powertrain evaluated efficiency 

INCREASING DEMAND AND SALES 

• Electric car sales are expected to reach yet another record level globally this year, 

increasing their market share to close to one-fifth and bringing about a significant change 

in the auto industry that will have an impact on the energy sector, particularly oil. 

• More than 10 million electric vehicles were sold globally in 2022, according to the latest 

edition of the IEA's annual Global Electric Vehicle Outlook, and sales are projected to 

increase by another 35% this year to reach 14 million. According to the most recent IEA 
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predictions, this fast growth has resulted in an increase in the percentage of electric cars 

in the entire auto industry from 4% in 2020 to 14% in 2022 and is expected to reach 18% 

this year. 

• "Electric vehicles are one of the driving forces in the new global energy economy that is 

emerging rapidly - and they are bringing about a historic transformation of the car 

manufacturing industry worldwide," said IEA Executive Director Fatih Birol. "The trends 

we are seeing have a big impact on the world's demand for oil. Electric cars are 

challenging the dominance of the internal combustion engine, which has been unmatched 

for more than a century. They will save at least 5 million barrels of oil per day by 2030. 

Electric buses and trucks will soon follow cars as the next wave. 

• Three markets—China, Europe, and the United States—have seen the vast bulk of electric 

car sales to date. China is the market leader, accounting for 60% of all electric vehicle 

sales worldwide in 2022. China now has more electric vehicles on the road than any other 

country. The second- and third-largest markets, Europe and the United States, both had 

rapid growth in 2022, with sales rising by 15% and 55%, respectively.  

• This decade and beyond, it is anticipated that ambitious governmental initiatives in major 

countries, like as the Fit for 55 package in the European Union and the Inflation 

Reduction Act in the United States, would significantly raise the market share for electric 

cars. By 2030, Around 60% of all new automobile sales in China, the EU, and the US are 

expected to be electric vehicles. 

• The promising developments are also having beneficial spillover effects on supply chains 

and battery manufacturing. According to the IEA's Net Zero Emissions by 2050 Scenario, 

the announced battery manufacturing facilities will produce more than enough batteries to 

fulfil demand for electric vehicles until 2030. China dominates the battery and component 

trade and increased its share of the world's exports of electric cars to more than 35% last 

year, but production remains heavily concentrated. 

• Other nations have made plans to support local sectors that will increase their ability to 

compete in the EV market in the coming years. 

• Nearly 90% of the yearly battery demand is expected to be satisfied by domestic battery 

producers, according to the EU's Net Zero Industry Act. Similar to this, the US Inflation 

Reduction Act emphasises the development of domestic supply chains for minerals, EVs, 

and batteries. The Inflation Reduction Act was approved in August 2022, and between 

that time and March 2023, major EV and battery producers announced investments in 

North American EV supply chains worth at least USD 52 billion. 

• Despite the fact that manufacture and sales of electric vehicles are concentrated in a small 

number of major markets, other areas are showing promise. Despite starting from a low 

basis, electric car sales more than quadrupled in India, Indonesia, and Thailand last year. 
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• In Thailand, it increased to 3% of all sales, while it increased to 1.5% in India and 

Indonesia. Future increases in these proportions are probably due to a mix of efficient 

policy and private sector investment. In India, the government's USD 3.2 billion incentive 

plan, which has drawn USD 8.3 billion in investments, is anticipated to significantly 

increase battery manufacturing and EV adoption in the upcoming years. 

• In emerging and developing economies, two- or three-wheel vehicles, which outnumber 

cars, are the most dynamic form of electric transportation. For instance, the registration of 

more than half of three-wheelers in India in 2022 was an electric vehicle, indicating their 

rising popularity. Two- or three-wheelers are often an accessible form of transportation in 

underdeveloped nations, therefore electrifying them makes sense. 

India’s E-Vehicle Plan: Zero tailpipe emissions and a decrease in smog in cities are benefits 

of electric cars. With a target of 30% EV penetration by 2030, the Indian government has 

generated momentum with its Faster use and Manufacturing of (Hybrid &) Electric cars 

initiatives, which both promote and, in some cases, enforce the use of electric cars (EV). The 

plan encourages the construction of charging stations and technology in metropolitan areas 

while creating incentives for EV demand. If these goals are accomplished by 2030, they are 

expected to result in lifetime savings of up to 474 Mtoe (million tonnes of oil equivalent) and 

846 Mtoe (million tonnes of net CO2 emissions).Several fiscal demand incentives, such as 

income tax rebates of up to INR150,000 ($2,100) for consumers on interest paid on loans to 

acquire EVs, have been implemented to encourage the development and use of EVs and 

charging infrastructure. A customs duty exemption will be implemented to increase lithium-

ion cell battery production while lowering costs. 
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According to a poll conducted by the Economic Times in May 2019, 90% of Indian 

automobile owners are eager to switch to EVs, assuming the necessary infrastructure is in 

place. However, just 1% of all vehicles sold in India at this time are electric, and 95% of 

those sales are of electric two-wheelers. 

Players in the automobile sector, as well as providers of batteries, charging infrastructure, and 

mobility services, have taken a variety of steps to speed up industrial activity. Companies are 

developing and testing goods that are appropriate for the Indian market, with a particular 

emphasis on two- and three-wheelers. An initiative called "Mission: Electric" by the Indian 

taxi business Ola aims to add 10,000 electric rickshaws and autorickshaws to its fleet. 

Mahindra and Mahindra, a car manufacturer, would invest INR18 billion in EV production 

over the next three years in order to increase its four-wheeler output. In order to improve their 

public transport networks, other manufacturers are forming collaborations with governments. 

The government's aim is still unwaveringly supported by some of the producers of light-

weight cars, such Hero MotoCorp, Bajaj Auto, and TVS, but they are now recommending a 

more cautious, precise, and practical roadmap for the adoption of EVs. The car sector would 

need to spend an estimated INR 70 billion to comply with the government's new Bharat 

Standard-VI pollution laws, and with the requirement to replace traditional internal 

combustion engines over the next five years, businesses are already feeling the financial 

pinch. Battery producers like Amara Raja are actively working to improve their research and 

development capabilities in order to provide battery packs for electric vehicles. Electric 

charging stations will be widely dispersed throughout cities thanks to ambitious plans by 

Indian Oil, National Thermal Power Corporation, and Tata Power. 

CONCLUSIONS 

Electric vehicle development has faced several challenges along the way, from early 

development to current deployment. The need to reduce climate change sensitivities and the 

harmful impacts of vehicle emissions has caused governments to shift their thinking away 

from using conventional oil to power their cars. Oil is becoming scarce and expensive, which 

has now given many countries the opportunity to develop strategies for the use of electric 

vehicles. Numerous technical and theoretical solutions have been regularly posted forth in 

response to the numerous on-road circumstances and scenarios related to e-vehicles that have 

been examined. The journal article ends on a hopeful note, predicting that concepts for 

electromobility and sustainable energy production would eventually result in a world without 

pollution. 
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ABSTRACT: By consistently introducing new, more effective technologies, by updating and enhancing 

lighting design, and by developing a more successful overall system approach, the lighting industry has 

kept up with these expectations and goals. From Edison's light source to today's energy-efficient, task-

oriented economic offer, lighting has advanced over the past century. By producing more energy-

efficient products and collaborating with the government to carry out different schemes and awareness 

programmes, the lighting industry has further launched to reduce energy consumption for lighting from 

the current 18% of total power consumption to 13% by the year 2020. The business has always made 

sure that all items are produced in India. 

Keywords- SLNP, UJJALA, and LEDs 

INTRODUCTION 

Around 20% of all energy usage in India is accounted for by the lighting sector. The 

government has implemented numerous policies and programmes to create a robust 

environment for energy-efficient lighting, driven by the climate change targets ratified by 

India at COP21. One example of this transformation in the lighting market is the government 

initiative to replace all conventional lights, including the highly inefficient incandescent 

bulbs, with smart and energy efficient LEDS under the unnat jyoti by affordable LEDs for all 

(UJALA) programme. 

SLNP 

The government has committed to replacing 35 million street lights with energy-efficient 

LEDs by 2019 as part of the street light national programme (SLNP), a crucial part of 

UJALA. Due to the patchy implementation of street lighting systems in rural areas and the 

prevalence of inefficient systems in urban areas, there is a need for a complete overhaul of 

street lights. The SLNP seeks to cut the amount of power needed for street lighting from 3400 

MW to 1400 MW, a reduction that will save Rs 55 billion annually. Almost 1.5 million street 

lights have been replaced with energy-efficient LEDs in 20 states as of December 9, 2016, 

resulting in energy savings of up to 489.7 MWh or 44.52 MW in avoided demand per day. 

Under the SLNP, the cost of replacing street lights is borne upfront by EESL repayable by the 

urban local bodies (ULBs) over a period of five to seven years. Out of the 302 ULBs, this 

project has already been implemented in six ULBs, and there are another 88 ULBs where 

work is now being done. With the correct encouragement, the SLNP will be able to further 

enter rural regions, which not only require energy-efficient systems but also street lighting. 
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UJALA 

In order to start replacing current bulbs with LEDs, the UJALA scheme was launched in 

January 2015. It was designed to replace about 770 million incandescent lights, and it 

launched a nationwide push for energy saving. The plan's two goals are to create LED bulbs 

for less money than the market would bear and to sell them to domestic customers. In order to 

achieve this, Energy Efficiency Services Limited (EESL), a super energy services company 

supported by the government, has developed a business model in which it purchases a 

significant amount of LED bulbs from private manufacturers through competitive bidding 

and sells them through distribution centres at prices significantly below market prices. 

Customers can pay for these bulbs either through a bill-financing model (partially upfront and 

then in installments) or by paying them in full up front. The price of LEDs has significantly 

decreased over the course of EESL's procurement rounds, going from Rs 310 per bulb in 

January 2014 to Rs 38 per bulb in the most recent round of bidding in September 

2016.Additionally, the market has grown phenomenally; in 2014–2015, just 3 million LED 

bulbs were delivered, but in 2015–2016, that number reached 150 million, with about 90 

million of them going to UJALA alone. More than 180 million LEDs had been dispersed 

across 22 states as of December 2016. In addition to its two main goals, UJALA also aims to 

reduce the pick demand of discoms. As of December 9, 2016, this plan has helped reduce 

grid load by around 4703 MW. In addition to its two main goals, UJALA aims to reduce the 

pick demand of discoms. As of December 9, 2016, the initiative has contributed to a 

reduction of around 4703 MW in the load on the grid. Through these activities, 23 million 

kWh of energy are saved annually, saving Rs 93 billion and reducing CO2 emissions by 19.2 

million tonnes. 

With the replacement of 770 million bulbs, the country's connected load would be reduced by 

an estimated 20,000 MW, yielding annual energy savings of 100 billion kWh. With an 

average electricity tariff of Rs 4 per kWh, the total amount of money consumers would save 

on their electricity bills would be close to Rs 400 billion. The final costs of bulbs vary across 

states and are typically in the range of Rs 75–95 per bulb as a result of various state-specific 

taxes and other administrative costs like distribution that are added to the pooled procurement 

price. 

CONCLUSION 

According to the electrical lamp and component manufactures association, UJALA has had a 

significant impact on the lighting market. The LED market has grown by 579 percent from 

2010 to 2014 and is currently worth Rs 33.95 billion. It is predicted to reach at least Rs 50 

billion by 2016-2017. In addition, India's share of the global LED market has increased from 

0.1% to 10%. 

In conclusion, market-driven efficient procurement methods and low procurement prices 

under UJALA have assisted customers in overcoming the price barrier, monetizing energy 

savings, and drawing in investments. 
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ABSTRACT: The improving efficiency in transformers represents a significant gain as almost one 

third of network losses are caused by inefficient transformers. In addition, reduced energy losses, high 

efficiency transformer provides benefits   of reduced greenhouse gas emission, increased reliability and 

longer service life of the equipment. The energy-efficient transformer technology has been available for 

decades, but its high upfront costs deterred wide-scale penetration. Given this, most major economies 

across the world have established and introduced minimum energy performance standards for 

distribution transformers. 

Keywords- transformer, leading wires 

INTRODUCTION 

A transformer is unique equipment, where efficiency improves with decreased loading, up to 

a certain loading. This is because the load losses in a transformer vary as a square of the load 

current. However, this will hold good only up certain loading. This is the loading where iron 

losses become equal to copper losses. 

CASE STUDY 

Consideration for analysis: The life of transformer is considered as 25 Years. The losses as 

per IS1180 are considered for loss cost calculation (for energy efficiency Level 1). The same 

are calculated as below: 

I. 1.6MVA- Total loss at 100 per cent load =14.51Kw. 

II. Total loss at 50 per cent load=4.84kW. 

III. Sample calculation for no load loss and full load loss calculations for 1.6 MVA 

transformer P Total =P no load+ (load percentage / 100) 2×   P load  

Calculated no load loss-1.61 KW 

Calculated full load loss-12.9 KW 

Similarly, for a 2 MVA transformer, calculated no load loss-1.65 kW and calculated full load 

loss-16.62 kW 

Transformer running cost (loss lost) is calculated for three shifts working, considering350 

days of yearly operation and eight working hours per shifts. For the first year of operation, 

the per unit cost is considered as Rs 10 per kWh. Increase in utility company tariff is 

considered@ 5 per cent annum over the next 25 years.  

Payback period is calculated with interest loading on saving in capex/opex and it will vary 

based on: 



INTEGRATED SOLUTION: SEM 2023  ISBN: 978-81-961781-0-9 

165 

I. Hours of operation 

II. Actual loading 

III. Per unit (kWh) power cost 

IV. Interest rate 

For an option with a higher rating of transformer, as a different cost in initial investment, only 

the increased cost of a higher rating transformer is considered. 

The cost towards its 415 V power control centre income, associated bus dust and outgoing 

feeders will remain unchanged since the load to be distributed remainas same in any of the 

option. 

Load cycle for 1.5 MVA demand over a span of 24 hours is considered as mentioned in 

Table1. 

TABLE -1 

MD (%) 
4

0 

5

0 

6

0 
70 90 100 

Work hours 6 3 4 8 2 1 

Total hours 24 

Operation and maintenance costs are not considered in the analysis since they are considered 

to be almost the same for both the options. 

(1) Life cycle cost comprises the initials investment and the running cost due to energy losses 

in the transformer. 

ANALYSIS OF LIFE CYCLE COST ANALYSIS TRANSFORMER RATING 

The transformer sizing is analyzed considering the following configurations: 

(1) Option1-1×1.6MVA,33/0.415KV     

(2) Option2-1 ×2MVA, 33/0.415KV 

OPTION1: For a demand variation between 40 percent and 100 percent during a 24- hour 

cycle, the loading on transformer will vary from 38 percent to 94 percent and according to 

the loading, the load loss will also vary. A sample calculated of the life cycle cost is as 

follows: 

Step1: Calculations of initial investment Cost of 1.6MVA transformer =Rs2.31million 

Total cost of initial investment =Rs2.31 million 

 Step2: Calculation of running cost 

Step2a: Calculation of the percentage loading of a transformer as per the actual demand is an 

mentioned in Table2 

Step2b: The losses for the different percentage loading of transformers are as mentioned in 

table 3. 
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Step2c: Sample calculated for annual loss cost for 56 percent loading of transformers: 

Loss cost = Total losses for 56 percent loading × Annual working hours for 56 percent 

loading× power tariff rate 

TABLE-2 

MD (%) 40 50 60 70 90 100 

Demand during these 

working hours (MVA) 
0.60 0.75 0.90 1.05 1.35 1.50 

Loading of transformer (%) 38 47 56 66 84 94 

 

Table -3 

% loading of transformer 38 47 56 66 84 94 

No load loss (Kw) 1.61 1.61 1.61 1.61 1.61 1.61 

Full load loss (Kw) 1.81 2.83 4.09 5.57 9.21 11.35 

Total loss ( Kw) 3.42 4.45 5.71 7.19 10.81 12.97 

Equation 1 

Loss cost for the first years   = 5.69 × (4 ×350) × 10  

= Rs.79,000 

Loss cost for the second years =5.69 × (4× 350) × 10.5  

= Rs.84,000 

So, consideration a 5 percent increase in tariff rate per years, for period of 25 years, the loss 

cost for the 25th years = 5.69× (4 × 350) × 32.3  

= Rs 256,000. 

Total loss cost for 25 years = Rs 3.8 million 

Similar to equation 1, the total loss cost for the first years 

= ∑{Total losses for (38% / 47% /56% / 66% / 84% / 94 %) loading × Annual working hours 

[(6/3/4/8/2/1) × 350] × power tariff rate for the first years }  

= Rs 520,000 

Based on this calculation the summary of the annual loss cost for option 1 is mentioned in 

table 4. 
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Table-4 

% loading of tran 38 47 56 66 84 94 

Cores. loss cost for 25 

years (Rs in million) 
3.43 2.22 3.80 9.57 3.60 2.16 

Total loss cost for 

25 years (Rs. 
24.81 

Step 3: Calculation of life cycle cost 

Life cycle cost = cost of initial investment+ load loss cost  

= Rs.2.31 million + 24.8 million 

= Rs.27.11 million. 

OPTION 2 

Similar working is carried out for 2MVA transformers. 

Comparison of option 1 and 2 

A comparison of option 1 and 2 indicated in table 5. 

Table-5 

COST (Rs million) Option 1 Option 2 Difference 

Capital cost 2.311 2.480 -0.175 

Operational loss cost for 25 Years  

(Rs in million) 
24.806 21.745 +3.059 

Life cycle cost 27.117 24.2321 

The lifecycle cost mentioned in table 5 is without interest rate consideration on initial saving 

in the capital cost as well as without any interest loading on the loss cost saving (due to 

option for higher size, that is 2MVAtransformer instead of 1.6MVA transformer). 

CALCULATION WITH INTEREST LOADING 

Calculation for total saving in the initial investment in option 1: saving =P×(1+R/100)N 

where ,P = Principal amount ( saving of Rs 17,5000) R, Rate of interest @ 8 percent annul , 

N= no. of years =25 years , saving= Rs = 1.198 million. 

CALCULATIONS FOR TOTAL SAVING IN THE LOSS COST FOR OPTION 2 
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Saving at the end of the first years = Loss cost of 1.6 MVA- Loss cost of 2.0 MVA= Rs 

520,000-Rs 

456,000= Rs 64,000 saving at the end of the second years = (Loss cost of 1.6 MVA-Loss cost 

of 2.0 MVA) + Interest on the first year’s savings =(546,000- 478,000)+ (64,000×1.08)= Rs 

137,000. 

At the end of the 25th years, there will be net saving of Rs 6.2 million (7.398-1.198 = 6.20). 

CONCLUSION 

If the transformer size calculated for a maximum demand (MD) of 1.5MVA is 1.6MVA, on a 

life cycle cost analysis basis, a 2 MVA transformer will be advantageous. The payback period 

will be 3.5 years. The analysis will not be applicable for a group of transformers selected on 

the redundancy philosophy. The accuracy in the load estimation and load pattern will play a 

key role in the analysis. 
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ABSTRACT: Theory and Research gap regarding the relationship between demographic/household 

characteristics and household electricity demand need to be studied. Several findings show that 

demographic/ household characteristic factors are very important for the determinant of household 

electrical energy demand. This article is intended to clarify how demographic/household factors 

influence household electricity demand so that a better model of household electricity demand is 

obtained. 

Keyword- Electricity demand 

INTRODUCTION 

The theory of demand departs from the demand function which illustrates that the amount of 

goods consumed is a function of total income and the price of goods expressed in the form of 

utility maximization. Utility maximization can be explained using Marshallian demand 

theory, where consumers are assumed to maximize utility functions by considering budget 

constraints (Christensen et al, 1975; Cooper and McLaren, 1992; Koutsoyiannis, 1994). 

Furthermore, in household energy demand, Kurtubi (1998) argues that in maximizing energy 

utilities not only consider budget constraints, but also consider income factors, energy prices, 

and other energy prices that can use static and dynamic models. Likewise, the electricity 

demand model cannot be viewed only by maximizing utility with budget constraints or with 

the stock of electrical equipment used. Guertin et al (2003) and Halvorsen et al (2003) offer 

that in estimating household electrical energy demand must also consider demographics and 

household characteristics that can affect the functioning of household utilities.In addition to 

budget constraints, stock of electrical equipment, as well as demographic/ household 

characteristics, one of the important factors that is often debated in modeling the demand for 

household electricity is the proxy for electricity prices or tariffs, whether using average prices 

or marginal prices. This is caused by different tariff setting structures between increasing 

block rates and decreasing block rates. Taylor (1979) and Schafer (987) offer marginal price 

proxies to avoid simultaneous symptoms due to different price structures, but these proxies 

were denied by Halvorsen (1975), Wilder & Willenborg (1975), Henson (1984), and Zuhal 

(1995). However, several studies have offered a willingness to pay (WTP) model as a proxy 

for prices, especially for public goods (Hokby & Soderqvist, 2001; Anstine, 2001; PSE-KP 

UGM, 2002; Nam & Son, 2005; Wang & Son Whittington, 2006). 

For an example, In Indonesia, the consequences of electricity price/tariff policies 

implemented by PT PLN (Persero) in a monopoly with an increasing block-rate pricing 

system shows that electricity prices/tariffs do not have price variations and consumers can 
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only accept prices/tariffs charged to them. Therefore, the electricity price/tariff factor 

determined by this monopoly cannot be included in the household electricity demand 

estimation model. Therefore, in this case, electricity price/tariff factors are proxied by the 

willingness to pay. Many factors affect the demand for electrical energy. The pattern and 

amount of electricity used will be different for each group of consumers depending on two 

factors, namely 1) for what object the electrical energy is used, and 2) the time of use (hours 

load) (Philipson and Willis, 1999). Fluctuations in electricity demand from customer groups, 

both those related to the amount of power, as well as those concerning time, are influenced by 

several factors such as 1) weather, 2) the seasonal industry and entertainment areas, 3) the 

presence of important events (Kadir, 2000). More broadly, according to Nagurney and 

Arneaux (1991), the factors that influence the demand for electricity are economic conditions, 

usage time on a daily or weekly basis, weather conditions, attitudes towards conservation, 

population, television use, regulatory environment, electricity prices, technology, alternative 

energy, and demographic conditions. In general, for all groups of electricity consumers, the 

factors that can affect electricity demand or demand are 1) consumer income, 2) electricity 

tariff or price, 3) electricity availability, 4) price of substitute energy and 5) equipment 

ownership, price, and efficiency in the use of electrical equipment (PT PLN Wilayah Sumut, 

2004). 

The most basic main variables that affect household electricity demand are household 

income, the price (tariff) of electrical energy, and the stock / number of electrical equipment 

(Anderson, 1973; Wilder & Willenborg, 1975; Acton et al., 1980; Fujii & Mak, 1984; Jaffee 

et al, 1982; Terza, 1986, Filippini, 1995; Halvorsen & Larsen, 1999a, 1999b; Matsukawa, 

2000; Langmore & Dufty, 2004). In addition to these variables, several other studies have 

included demographic and household characteristics variables in estimating household 

electrical energy demand, as done by Taylor, (1979), Barnes et al (1981), Archibald et al, 

(1982) , Maddigan et al. (1983), Garbacz (1984), Reiss & White (2001); Larsen & Nesbakken 

(2002), Halvorsen et al (2003). Several other researchers have also included other types of 

energy such as firewood, fuel oil, and gas in the electric energy demand model as a 

substitution variable (Maddigan et al, 1983; Halvorsen et al, 2003; Langmore & Dufty, 

2004). 

On the other hand, the analysis of electric equipment stock variables does not only look at the 

numbers, but also emphasizes the use (intensity of appliances, utilization rate, or end use 

categories). This has been done by Hartman (1983), Bartels & Fiebig (2000), Reiss & White 

(2001), Guertin et al (2003), Meetamehra (2004). Other studies such as those conducted by 

Battalio et al (1979), Shin (1984), Sexton & Sexton (1987), Matsukawa (2004) have analyzed 

how information influences electricity demand. The information includes information 

regarding demand response about prices, the role of government, energy conservation and 

patterns of energy use. 

The above studies use a lot of primary data and use a single equation form demand function, 

for example Taylor (1979), Archibald et al (1982), Jung (1993), Filiplini (1995), Halvorsen & 
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Larsen (1999), Matsukawa (2000) ), Reiss & White (2001), Larsen & Nesbakken (2002), 

Filippini & Pachauri (2002), Halvorsen at al (2003). Meanwhile, estimates in the form of 

simultaneous equations were made by Wilder & Willenborg (1975), Barnes et al (1981), 

Jaffee et al (1982), Maddigan et al (1983), Garbacz (1984). Some other studies such as Acton 

et al (1980), Maddigan et al (1983), Filippini (1999) use secondary data in estimating the 

function of household electrical energy demand. 

The description above shows the incomplete factors that affect household electricity demand. 

Some differences of opinion or findings as a research gap in this study, especially regarding 

the relationship of demographic / household characteristics and household electrical energy 

demand need to be examined. Several findings as described above show that the demographic 

/ household characteristics factors are very important for the determinants of household 

electrical energy demand. This research is intended to clarify how demographic / household 

factors affect household electricity demand, so a better model of household electricity 

demand is obtained. Research on electricity demand in Indonesia, especially for households is 

still limited. Amarullah (1984) conducted a study of household, industrial and business 

groups using pooled data and secondary data for the period 1970 - 1979 using limited 

independent variables, namely income (income per capita, output), average electricity prices 

and the number of people who have access to electricity. Meanwhile, Tarigan et al (2002) 

analyzed household electrical energy needs for the North Sumatra region using time series 

data for the period 1980 - 2000.  

The independent variables used were real income per capita, real prices for electricity, and 

number of customers. Likewise, with Tarigan (1998) has made forecasting the need for 

electrical energy for groups of households, public, industry, business, and for the peak load of 

the period 1998 - 2007 for the city of Medan using cross-section data. The independent 

variables used are the number of customers per group, GRDP, and the price of electricity for 

each group. 

CONCLUSION 

All of the above studies still estimate the demand or the electrical energy needs of the 

household group as a whole. Whereas consumer groups in Indonesia are different because 

each customer group is still classified into several strata based on connected power and 

electricity tariffs, each of which has different characteristics. Household consumer groups are 

also still classified into six strata, namely: R-1 / TR 450VA, R-1 / TR 900VA, R-1 / TR 

1300VA, R-1 / TR 2200VA, R-2 / TR> 2200VA -6600VA, R-3 / TR> 6600VA. Research 

conducted in Indonesia, specifically in Medan City, so far, still uses secondary data obtained 

from BPS (Statistic Board of Indonesia). Hopefully, this article is useful for readers in 

analyzing the factors that can affect the electrical energy demand of household customer 

groups. This article is also expected to stimulate the readers in formulating a model of 

electricity demand which in turn can be used as a model in making decisions about household 

electricity systems in the future. 



INTEGRATED SOLUTION: SEM 2023  ISBN: 978-81-961781-0-9 

172 

REFERENCES 

[1] Acton, J. P., Bridger M. Mitchell, and Ragnhild Sohlberg, 1980, “Estimating Residential Electricity 

Demand under Declining-Block Tariffs : An Econometric Study Using Micro-Data”, Applied Economics, 

Vol. 12, 1980, pp. 145-161. 

[2] Amarullah, M., 1984, “Electricity Demand in Indonesia : An Econometric Analysis”, 

[3] Publikasi LMK, No. 01-EP-84, Pusat Penyelidikan Masalah Kelistrikan, PLN, Jakarta. 

[4] Anderson, K. P., 1973, “Residential Demand for Electricity : Econometrics Estimates for California and the 

[4]United States”, Journal of Business, Vol. 46, Issue 4, October 1973, pp. 526-532. 

[5] Anstine, D. B., 2001, “How Much Will Consumers Pay ? A Hedonic Analysis of the Cable Television 

Industry”, Review of Industrial Organization, Vol. 19, pp. 129-147. 

[6] Archibald, R. B., David H. Finifter, and Carlisle E. Moody Jr, 1982, “Seasonal Variation in Residential 

Electricity Demand : Evidence from Survey Data”, Applied Economics, Vol. 14, 1982, pp. 167-181. 

[7] Barnes, R., Robert Gillingham, and Robert Hagemann, 1981, “The Short-run Residential Demand for 

Electricity, The Review of Economics and Statistics, Vol. 63, Issue 4, November 1981, pp. 541-552. 

[8] Bartels, R., and Denzil G. Fiebig, 2000, “Residential End-Use Electricity Demand : Results 

[9] from a Designed Experiment”, The Energy Journal, Vol. 21., No. 2, 2000, pp. 51-81. 

  



INTEGRATED SOLUTION: SEM 2023  ISBN: 978-81-961781-0-9 

173 

CHAPTER-3.14 

Fast and Efficient Division Technique Using Vedic Mathematics in Verilog 

Code 

Kundan Singh Chauhan1, Deepak Kr. Verma2 

JB Institute of Technology Dehradun, India 

kundan1984chauhan@gmail.com  

ABSTRACT: Division is the most fundamental and commonly used operations in a CPU. These 

operations furthermore form the origin for other complex operations. With ever increasing requirement 

for faster clock frequency it becomes essential to have faster arithmetic unit.In this paper a new 

structure of Mathematics – Vedic Mathematics is used to execute operations. In this papermainly 

algorithm on vedic division technique which are implemented for division in Verilog and performance 

is evaluated in Xilinx ISE Design Suite 13.2 platform then compared with different parameters like 

delay time and area (number of LUT) for several bits algorithms. 

Key words- Vedic mathematics, multiplication, division,delay time, Verilog. 

INTRODUCTION 

Division is an important essential function in arithmetic operations. Multiplication-based 

different operations considered as Multiply and Accumulate (MAC) and internal product are 

among some of the commonly used Computation- Intensive Arithmetic Functions (CIAF) 

presently implemented and designed in many Digital Signal Processing (DSP) appliances 

considered as convolution of two or more than two information, Fast Fourier Transform 

(FFT) of different sequences, filtering of signals or information and in microprocessors its 

used in arithmetical and logical unit (ALU) [1]. Since multiplying is the most important 

factor for the implementation time for most of the DSP algorithms or techniques, there is a 

need of most efficient and high-speed division. Currently, division time is still the most 

important factor in determining the instruction cycle time and the delay time of a DSP chip. 

The requirement for high-speed processing has been growing as a result of increasing work 

for computer and signal processing applications. Higher throughput arithmetical and logical 

operations are important to accomplish the required performance in various real-time signal 

and image processing applications [2]. The main key of arithmetical and logical operations in 

these applications is multiplication and division techniques and the development and 

designing of fast and efficient multiplier circuits has been a subject of interest over the last 

few years. Sinking the execution time and power consumption of required circuits are very 

necessary requirements for various applications such as in digital signal processing and in 

digital image processing [2, 3]. This work presents different division techniques and 

architectures. Multiplier based on Vedic or ancient Mathematics is one of the fastest and 

efficient with low propagation delay and low power consumption multiplier. 

Vedic Mathematics: Vedic Mathematics introduces the magnificent applications to 

Arithmetical calculation and verification, theory of numbers, complex multiplications, 
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fundamental algebraic operations,  complex factorizations, simple quadratic and advanced 

order equations, concurrent quadratic equations, partial fractions, in differential calculus and 

integral calculus, squaring of complex number, cubing, square root of complex number, cube 

root, 2-Dimensional and 3-Dimensional coordinate geometry and brilliant Vedic Numerical 

code. 

(a) Vedic Mathematics Sutras and Up-sutras: Entire mechanics of Vedic mathematics is 

based on 16 sutras – formulas and 13 up-sutras meaning – corollaries. 

Sutras 

1. Ekadhikena Purvena 

2. Nikhilam Navatascharamam Dashatah 

3. Urdhva-tiryagbhyam 

4. Paravartya Yojayet 

5. Shunyam Samyasamucchaye 

6. Anurupye Sunyamanyat 

7. Sankalana vyavakalanabhyam 

8. Puranaprranabhyam 

9. Calana – Kalanabhyam 

10. Yavadunam 

11. Vyastisamashtih 

12. Sheshanynkena Charmena 

13. Sopantyadvayamantyam 

14. Ekanyunena Purvena 

15. Ginitasamucchayah 

16. Gunaksamucchayah 

Up-sutras 

1. Anurupyena 

2. Shishyate Sheshsamjnah 

3. Adyamadye Nantyamantyena 

4. Kevalaih Saptakam Gunyat 

5. Vestanam 

6. Yavadunam Tavadunam 

7. Yavadunam Tavadunikutya Varganka ch Yojayet 

8. Antyayordhshakepi 

9. Antyatoreva 

10. Samucchayagunitah 

11. Lopanasthapanabhyam 

12. Vilokanam 

13. Gunitasamucchyah Samucchayagunitah 
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(b) Urdhva-tiryagbhyam: The Nikhilam and Anurupyena are for special cases, whereas 

Urdhva-tiryagbhyam is general formula applicable to all [4]. Its algebraic principle is based 

on multiplication of polynomials. Consider we want to multiply two 4thdegree polynomials. 

Ax4+ Bx3+ Cx2+ Dx + E 

Zx4+ Yx3+ Xx2+ Wx + V 

AZ x8+ (AY+BZ) x7+ (AX+BY+CZ) x6+ (AW+BX+CY+DZ) x5+(AV+BW+CX+DY+EZ) 

x4+ (BV+CW+DX+EY) x3+ (CV+DW+XE) x2+ (DV+EW) x +EV 

Figure 1 - Multiplication of two fourth degree polynomials 

Highest degree coefficient can be obtained by multiplication of two highest degree 

coefficients of individual polynomial namely A and Z. A next degree coefficient is obtained 

by addition of cross multiplication of coefficients of 4th degree and 3rd degree of other 

polynomials [5]. It means A, which is 4th degree coefficient of polynomial-1 is multiplied by 

3rd degree coefficient of polynomial-2 is added to 4th degree coefficient of polynomial-2 

multiplied by 3rd degree coefficient of polynomial-1 to get (AY+BZ). 

A  B  C  D  E 

 

Z  Y  X  W  V 

Figure 2 - Vertically Crosswise First Cross Product 

Similar logic of cross multiplication and addition can be extended till all 5 coefficients of 

both polynomials are used as follows. Every iteration gives a coefficient of product. 

A  B  C  D  E 

 

 

Z   Y   X   W    V 

Figure 3 - Vertically Crosswise Intermediate Cross Product 

In this iteration, coefficient of degree 4 of product is obtained. For the next iteration we drop 

A and Z which are the highest degree polynomial coefficients. The resulting operation gives 

coefficient of the degree 3 of multiplication of polynomials as follows: 

A  B  C  D  E 

 

 

Z  Y  X  W  V 

Figure 4 - Vertically Crosswise Intermediate Cross Product 
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Continuing with this process, the last coefficient is obtained by multiplication of 0th degree 

terms of both polynomials as E*V. This process can be done both ways as it is symmetric. In 

summary the process can be stated as, process of addition of product of coefficients of two 

polynomials in crosswise manner with increase and then decrease in number of coefficients 

from left to right with crosswise meaning product of coefficients for one polynomial going 

rightwards while for other leftwards. 

Any decimal number can be thought of as a polynomial with unknown or x equal to 10. 

Being said that the formula stated above can be utilized to calculate the product of two 

decimal numbers. Each digit of decimal number is thought as coefficient of power of 10. The 

only restriction in this case is each cross product should be only one digit, if not it is added to 

the next power of 10. 

Proposed Algorithm: The algorithms will be compared to conventional algorithm which is 

considered as restoring algorithm and/or non-restoring algorithm of division. In restoring 

algorithm shifted divisor is repeatedly subtracted from dividend and result of subtraction is 

stored temporarily. The algorithm can be formulated as [6].  

N = Q×D + R  

Where N dividend, D is divisor, Q is quotient and R is remainder. 

Restoring Algorithm 

1. R(m) = N  m as width of N 

2. Repeat for i from m-1 to 0 

Z = R(i+1) - D×2i 

If Z ≥ 0 then Q(i) = 1, R(i) = Z 

Else Q(i) = 0, R(i) = R(i+1) 

Verilog implements restoring algorithm for its division block. For restoring algorithm worse 

case N subtractions has to be performed to get N digits of quotient. Each subtraction is equal 

to width of divisor. 

Binary Dhwajanka: In binary number system, similar to decimal system, MSB of divisor is 

kept aside and remaining digits are used for cross-products [7]. 

 

Figure 5 - Complete Example of Dhwajanka 
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In binary number system, similar to decimal system, MSB of divisor is kept aside and 

remaining digits are used for cross-products. As digits in binary can only be 0 or 1, the 

process of Dhwajanka becomes simpler as division has to be carried out with 1 always. 

Hence MSB of dividend becomes the MSB of quotient. Cross-product is taken between 

quotient and rest bits. Again, in cross-product digits being only 0 and 1 multiplication is 

replaced by AND logic. After the addition of cross-product of bits the sum is subtracted from 

combination of previous remainder and next digit of dividend. In the example above the first 

bit of quotient is equal to MSB of dividend and hence the remainder is 0. This 0 is combined 

with the next digit of dividend 1, to form 01. Cross-product of quotient and rest bits of divisor 

gives 1 as only one bit in quotient at this point of the process. Cross-product is subtracted 

from partial dividend 01 to get 0. Now when 0 is divided by 1 we get quotient 0 and 

remainder 0. Quotient 0 of this partial division forms the next bit of quotient and remainder 

as next prefix [8]. In short, Dhwajanka formula for binary is further simplified by the nature 

of the binary numbers. 

Despite being very easy to solve by Dhwajanka, there are some limitations of the process 

which will be described in the next section. 

3.1.1 Limitations and Solutions: A combinational model of this process was designed in 

Verilog [9]. The reason to choose combinational method was to compare it with equivalent 

Verilog implementation block and a sequential model will require varying number of clock 

cycles to finish the division depending on the input – dividend and divisor. The nature of the 

problem in building the combinational model and respective solutions on them are described 

in next sections. 

NEGATIVE SUBTRACTION 

During the calculation of third bit of quotient partial dividend is 0 and cross-product is 0 

which results in negative 1 as partial dividend which is unacceptable according to algorithm. 

Solution for this is given as recalculate previous iteration with smaller quotient digit to result 

in sufficiently large partial remainder. 

 

Figure 6 - Dhwajanka – Problem of recalculation 

In this case the previous quotient bit being 0, it cannot be further reduced to make remainder 

bigger. Hence former to this iteration has to be recalculated shown below. 
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Figure 7 - Dhwajanka – Solution of recalculation 

In the case of combinational design reiteration would result in feedback loop which is 

unacceptable and in sequential design this would lead to a design which is data dependant 

and hence undesirable. The solution on this is to allow bits of quotient as well as partial 

remainders to be negative. This obviously is an overhead of calculation as the state of each 

bit of quotient and partial remainders must be maintained, but this enables us to build a 

combinational design. The complete illustration is as follows. 

 

Figure 8 - Dhwajanka – Problem of Negative Quotient 

During the calculations of third bit of quotient partial dividend 00 is subtracted by cross-

product 01 to get quotient as -1 and next partial remainder as 0. If the subtraction is more 

than 1 then both the quotient bit and partial remainder would be negative. 

CORRECT REMAINDER 

There is another problem in the illustration above. While calculating the remainder we 

subtract cross-products from the right part of dividend prefixed with last partial remainder. 

Cross-product consists of rest digits of divisor and quotient with first cross-product contains 

all bits and is also shifted left by one less than bits in rest digits of divisor. If any cross-

product is negative, then it is added. If the last partial remainder is negative, then right part of 

dividend becomes inherently negative. After all the calculations for remainder if it is more 

than divisor or less than zero it is illegal. Also, it is imperative to have legal remainder to get 

correct quotient. In the illustration above calculations for remainder are as follows.  
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Figure 9 - Dhwajanka – Solution for Negative Quotient 

Correct remainder is obtained by subtracting divisor from remainder. If the subtraction gives 

remainder more than divisor, the process is repeated. Above correct remainder is obtained by 

subtracting divisor once, so correct quotient is obtained by adding 1. 

Partial remainder overflow: As the width of dividend and divisor increases, in some cases 

it is observed that last partial remainder is itself a large number which when combined with 

right part of dividend becomes a number which may sometimes exceed the width of dividend 

or divisor itself. This results in large correction logic and hence is undesirable. There can be 

different approaches to deal with this like checking the correctness of remainder after every 

3–4-bit calculation of quotient, use of sequential design model. To check correctness of 

remainder after every 3-4 bits can work for combinational design but has huge overhead of 

calculation partial quotient repeatedly and again results is considerably large logic. As seen 

previously sequential model results in a design which would depend on data to calculate the 

answer. 

RESULTS 

SIMULATION RESULTS OF 8 BITS VEDIC DIVISION 

 

Figure 10 – Simulation result of 8 bits Vedic Division 
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Description: 

x : Input data 8 – bit 

 d : Input data 8 – bit 

 clk  : Input clock 

 a : Output data 8 – bit 

 x = 00011001 

 d = 00000101 

 a = 10010011 

Thus, simulated result and calculated result match correctly. 

SYNTHESIS RESULTS 

Device utilization summary: 

Selected Device:  3s500efg320-4  

Number of Slices:  248 out of 4656 5% 

Number of 4 input LUTs:  450 out of 9312  4% 

Number of IOs:      25 

Number of bonded IOBs:  25 out of 232  10% 

IOB Flip Flops:   8 

Number of GCLKs:    1 out of 24  4% 

Total memory usage is 198936 kilobytes. 

Timing Results 

Minimum input arrival time before clock:   98.119ns 

Maximum output required time after clock:   4.283ns 

Total REAL time to Xst completion:    13.00 secs 

Total CPU time to Xst completion:    12.90 secs 

CONCLUSION 

The designs of 8 bits Vedic division have been implemented on Spartan3E (3s500efg320-4) 

device. The computation delay for 8 bits Vedic division is 98.119ns. It is therefore seen that 

the Vedic division is much faster than the conventional division for higher order bits. The 

algorithms of Vedic mathematics are much more efficient than of conventional mathematics. 

In future this work can be extended to higher bit Division which can be implemented using 

Vedic Mathematics. Floating Point Vedic Processor could also be a good extension of this 

work. 



INTEGRATED SOLUTION: SEM 2023  ISBN: 978-81-961781-0-9 

181 

REFERENCES 

[1] Purushottam D. Chidgupkar and Mangesh T. Karad, “The Implementation of Vedic Algorithms in Digital 

Signal Processing”, Global J. of Engng. Educ., Vol.8, No.2 © 2004 UICEE Published in Australia. 

[2] Himanshu Thapliyal and Hamid R. Arabnia, “A Time-Area- Power Efficient Multiplier and Square 

Architecture Based On Ancient Indian Vedic Mathematics”, Department of Computer Science, The 

University of Georgia, 415 Graduate Studies Research Center Athens, Georgia 30602-7404, U.S.A. 

[3] E. Abu-Shama, M. B. Maaz, M. A. Bayoumi, “A Fast and Low Power Multiplier Architecture”, The Center 

for Advanced Computer Studies, The University of Southwestern Louisiana Lafayette, LA 70504. 

[4] Honey Durga Tiwari, Ganzorig Gankhuyag, Chan Mo Kim, Yong Beom Cho,“Multiplier design based on 

ancient Indian Vedic Mathematics”, 2008 International SoCDesign Conference. 

[5] Parth Mehta, Dhanashri Gawali, “Conventional versus Vedic mathematical method forHardware 

implementation of a multiplier”, 2009 International Conference on Advances in Computing, Control, and 

Telecommunication Technologies. 

[6] Prabir Saha, Arindam Banerjee, Partha Bhattacharyya, Anup Dandapat, “High SpeedASIC Design of 

Complex Multiplier Using Vedic Mathematics”, Proceeding of the 2011IEEE Students' Technology 

Symposium 14-16 January, 2011, lIT Kharagpur. 

[7] Ramalatha M, Thanushkodi K, Deena Dayalan K, Dharani P, “A Novel Time andEnergy Efficient Cubing 

Circuit using Vedic Mathematics for Finite Field Arithmetic”, 2009 International Conference on Advances 

in Recent Technologies in Communication and Computing. 

[8] Shamim Akhter, “VHDL Implementation of Fast NxN Multiplier Based on VedicMathematics”, 2007 

IEEE. 

[9] Anvesh Kumar, Ashish Raman, Dr. R.K. Sarin, Dr. Arun Khosla, Small area Reconfigurable FFT Design 

by Vedic Mathematics”, 2010 IEEE. 

  



INTEGRATED SOLUTION: SEM 2023  ISBN: 978-81-961781-0-9 

182 

CHAPTER-3.15 

Speed Control of Dc Motor Using Adaptive Techniques (MRAC) 

Deepak Singh Karki1, Deepak Kr. Verma2 

Department of Electrical Engineering, JB Institute of Technology, Dehradun, India 

deepak.karki00@gmail.com 

ABSTRACT- Speed control is a common requirement in industrial drives in the presence of varying 

operating conditions i.e. load disturbance, parameter uncertainties and noise. Conventional 

controllers with fixed parameters are not successful in real time applications because of the drift in the 

plants operating conditions. Adaptive control techniques are best suited for these situations. This paper 

presents a case study on speed control of dc drive using Model Reference Adaptive Control (MRAC). 

MRAC is one of the main adaptive control schemes. The fluctuation in load is assumed to be an input 

disturbance on the plant, which causes the deviation in the desired speed. In the literature various 

adaptive control algorithms have been developed. An adaptive algorithm by Ioannou [8, 9] is applied 

and simulations have been carried out for different values of load disturbances, parameter 

uncertainties and output measurement noise. The simulation results reported in this paper demonstrate 

the effectiveness of the proposed controller against varying operating conditions. 

Keywords –dc drives, MRAC, Adaptive control, Lyapunov approach, tracking control. 

INTRODUCTION 

A common actuator in control systems is a dc motor and is an obvious choice for 

implementation of advanced control algorithms in electric drives, due to the stable and linear 

characteristics associated with it.   It is also ideally suited for tracking control applications as 

shown in references [1, 3, 4, 6,].  From a control system point of view, the dc motor can be 

considered as a SISO plant eliminating the complexity associated with multi-input drive 

systems. The speed of a driven load often needs to run at a speed that varies according to the 

operation it is required to perform. The speed in some cases (such as fluctuating loads like 

rolling mills) may need to change dynamically to suit the conditions, and in other cases may 

only change with a change in process. In real time control the parameters are always time 

variant and are subject to various drifts depending on the operating conditions. It is found that 

the controllers designed with fixed parameters are not effective in achieving the desired 

performance and therefore adaptive controllers are best suited. In adaptive control the 

controller parameters are updated at every instant of time to satisfy the design requirements, 

unlike the conventional controllers.  

This paper describes the rejection of deviation in speed caused by load disturbance for a 

separately excited dc motor under various load-disturbing situations, parameter uncertainties 

and measurement noise with an adaptive control approach resulting in an improved 

performance. 

Apart from various conventional control strategies, adaptive control has proved its potential 

application in tracking/trajectory control problem. Siri Weerasooriya developed a modified 

adaptive controller based on minimum variance self-tuning controller. This scheme is 

mailto:deepak.karki00@gmail.com
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effective even in the presence of external disturbances, provided that the system exhibits 

minimum phase characteristics. El- Sharkawi (1989) developed the variable structure 

tracking of dc motor for high performance applications. In his work variable structure system 

control is used for on-line tracking of dc motor. In 1990, Sharkawi developed an adaptive 

control strategy based on self-tuning control. The purpose of the controller is to force the 

motor states such as speed, position or armature current to follow prespecified tracks without 

excessive overshoots and oscillations. 

Siri Weerasooriya (1991) used the ability of Artificial Intelligence to identify the system 

dynamics and for trajectory control, the indirect MRAC is used, which is specifically useful 

in tracking applications. An attempt has been made to merge the accuracy of MRAC system 

and calculation speed of ANNs to come up with a trajectory controller for dc motor 

applications. El-Samahy (2000) [10] described the design of robust adaptive discrete variable 

structure control scheme for high performance dc drives. Jianguo Zhou (2001) proposed a 

global speed controller for the separately excited dc motor. In this work the motor is modeled 

in two local areas, the first model is a linear one when speed is under the base speed and other 

is nonlinear when speed is to be obtained using field weakening method. For the first part 

linear robust linear state feedback controller and for nonlinear part adaptive back stepping 

controller is used. Crnosiya P. (2002) presented In a fuzzy control has been developed with a 

fuzzy based MRAC for wide range of speed but the sensing of speed due to load change and 

corresponding determination of fuzzy control parameters in real time is not included. This 

may be cause of concern in real time applications. the application of MRAC with signal 

adaptation to permanent magnet brushless dc motor drives. MRAC with signal adaptation 

algorithm has been applied to compensate parameter sensitivity and influence of load 

disturbances in this paper MRAC has been tested for load disturbances as well as for 

parametric variations using adaptive gain control mechanism explained in sections 3, 4 to 

achieve zero steady state error. Results of simulation are presented along with comparisons to 

demonstrate the general applicability. The results are very encouraging compared to earlier 

studies. 

MODELING OF DC MOTOR 

Control of the motor is achieved by changing the armature voltage as shown in figure 1. The 

separately excited dc motor drive is characterized in continuous time domain by using the 

following differential equations.   
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Figure 1 Armature controlled dc motor 

THE MAIN ASSUMPTIONS FOR DESCRIBING THE MOTOR DYNAMICS ARE 

1. The magnetic circuit is linear (because due to saturation of the magnetic core linear 

relationship does not hold for high values of field current) 

2. The mechanical friction including viscous friction and Coulomb friction is linear in the 

rated speed region. 

In the dc motor model, the variables and parameters are as given below: 

aR =Armature winding resistance [ohms] 

aL =Armature winding inductance [Henry] 

ai  = Armature current [amps] 

fi =Field current [amps]=a constant 

aV =Applied armature voltage [volts] 

bE = Back emf [volts] 

m = Angular velocity of the motor [rad/sec] 

mT =Torque developed by the motor [Newton-m] 

mJ =Moment of inertia of the motor rotor [kg-m2 or Newton-m/(rad/sec2] 

mB =Viscous friction coefficient of the motor [Newton-m/(rad/sec)] 

wT =Disturbance load torque [Newton-m] 

The input voltage Va is applied to the armature which has a resistance of Ra and inductance 

of La. The field current supplied fi  supplied to the field winding is kept constant and thus the 

armature voltage controls the motor shaft output. The moment of inertia and the coefficient of 

viscous friction at the motor shaft being mJ  and mf  respectively. The speed of the motor is 

being m radian per second. The related dynamics equations are: 

         a
a a a a b

di
V R i L E

dt
= + +            (2.1) 

        .b b mE K =         (2.2) 

        a
a a a a b m

di
V R i L K

dt
= + +                  (2.3) 
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                                            m T aT K i=                                    (2.4)  

                                     . .m
m m m m

d
T J B

dt


= +                              (2.5)                 

Taking the Laplace transform of equation (3.1) - (3.5), assuming zero initial conditions, we 

get. 

( ) ( )m T aT s K I s=       (2.6)    

( )b bE K s=         (2.7)       

( ) ( ) ( . ) ( )a b a a aE s E s L s R I s− = +      (2.8)  

( . ) ( ) ( )m M LJ s B T s T s+ = −       (2.9) 

Equation (2.6) - (2.9) gives the transfer function between the motor velocity ( )m s  and the 

input voltage ( )aE s  is given as below. 

( )

( ) ( )( )

T

a a a m m T b

Ks

E s L s R J s B K K


=

+ + +
     (2.10) 

 

Figure 2 Block diagram of a DC motor (armature controlled) system. 

STATE SPACE REPRESENTATION 

Let the armature current ( 1ai x= ) and angular velocity ( 2m x = ) be the state variable and the 

angular velocity be the output variable. Therefore, the following state space model can 

represent the dynamics of dc motor. 

. .a a b a
a m

a a a

di R K V
i

dt L L L
= − − +       (3.1)  

. .m m wT
a m

m m m

d B TK
i

dt J J J


= − −    (3.2)  

.

X Ax Bu Fw= + +     (3.3) 

     (3.4)  
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where  1 2x x x= ; state vector u = Input to the motor (scalar)  wT = Load disturbance, Nm 

Matrix A, B and F are given as: 

0 1

; ;1

0

m T

m m

m

b a

a

a a

B K

J J
JA B F

K R
L

L L

 
−      −    = = =

    
− −        
 

 

 1 0C =  

For the design of MRAC controller the triple (A, B, C) is assumed to be completely 

controllable and observable. The load changes are considered as changes in motor rotor 

inertia and viscous-friction coefficient as practically seen in most control applications. Hence 

plant parameter changes in the simulation studies reflect abrupt load changes of the system. 

MODEL REFERENCE ADAPTIVE CONTROL 

The objective of model reference control is to ensure the output of a controlled system (plant) 

to track the output of a chosen reference model, in addition to closed-loop stability [1, 7, 8].  

When the plant parameters are unknown, adaptive laws are designed to update the parameters 

of a controller to provide the desired output.  In this scheme, the objectives of control are 

specified by the output of the reference model. The design problem involves the adaptation of 

controller parameters based on past values of controller parameters and the control inputs 

such that the error between the plant and model outputs approaches zero asymptotically.  The 

tracking error represents the deviation of the plant output from the desired trajectory.  The 

closed-loop plant consists of output feedback, controller (with adjustable parameters) and an 

adjustment mechanism that adapts the controller parameters online. The main issues are 

controller parameterization, error model derivation, minimum priori plant knowledge, 

adaptive law design, and stability analysis [15]. The basic structure of this MRAC scheme is 

shown in figure 3. 

 

Figure 3: Basic structure of MRAC scheme 

DIRECT AND INDIRECT MRAC 
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An adaptive controller is formed by combining a parameter estimator, which provides 

estimates of unknown parameters at each instant, with a control law that is motivated from 

the known parameter case. The way the parameter estimator (adaptive law) is combined with 

the control law give rise to two different approaches. In the first approach, referred to as 

indirect adaptive control, the plant parameters are estimated on-line and used to calculate the 

controller parameters. In the second approach, referred to as direct adaptive control, the plant 

model is parameterized in terms of the controller parameters that are estimated directly 

without intermediate calculations involving plant parameter estimates.  

The main differences between indirect and direct adaptive control lies in the following two 

facts: 

• A model of the desired behavior is explicitly used in direct control whereas a model of the 

plant identified on-line is used in indirect control. 

• Identification error in indirect control and the control error in direct control are used to 

update the controller parameters. 

DESIGN BASED ON LYAPUNOV APPROACH 

Stability is an extremely important factor, which must be taken into consideration in the 

design of MRAC systems because these systems behave like non-linear, time-varying 

systems.  In earlier designs (MRAC)based on MIT rule) instability may arise because of 

faster adaptations and also for large inputs.  Hence, to achieve acceptable design, stability 

aspect should be incorporated by using the Lyapunov approach.  This method of developing 

adaptive laws is based on the direct method of Lyapunov and its relationship with positive 

real functions.  In this approach, the problem of designing adaptive law is formulated as a 

stability problem where the dynamical equation of the adaptive law is chosen such that 

certain stability conditions based on Lyapunov theory were satisfied.  In this approach, the 

first step is to obtain differential equation that describes the error between the output of the 

reference model and that of plant.  The objective is parameter updation for controller 

equations, which also assures that the differential equation, which describes the error 

gradually leads to asymptotic stability.  To achieve this, a positive-definite Lyapunov 

function is formulated for the error equation. The adaptation mechanism is then selected so as 

to ensure the time derivative of the Lyapunov function to be negative definite and results in 

globally asymptotically stable closed-loop system.  Next section describes the design method 

with the above objective. 

DESIGN OF MRAC FOR LTI SISO SYSTEM PLANT MODEL: Consider an unknown, single 

input, single output, and linear time-invariant plant in the form of 
)(

)(
)(

sR

sZ
ksG

p

p

pp =              

(5.1) or in the equivalent state space form as 

.

0, (0)p p p p p p

T

p p p

x A x B u x x

y C x

= + =

=
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(5.2)  where 1; ,n

p p px R y u R   and  , ,p p pA B C  have the appropriate dimensions. ,p pZ R are 

the monic polynomials and pk  is a constant referred to as the High Frequency Gain (HFG). 

In order to meet the MRAC objective plant model satisfy the following assumptions. 

P1. ( )pZ s  is a monic Hurwitz polynomial of degree pm . 

P2. An upper bound n  of the degree pn  of ( )pR s . 

P3. The relative degree p pn n m = − of ( )pG s , and 

P4. The sign of the high frequency gain pk  is known. 

REFERENCE MODEL 

The objective of the control system is to find a direct controller that is differentiator free, and 

the output of the plant should follow the output of the pre-specified reference model.  The 

model is chosen in the form of 

)(

)(
)(

sR

sZ
ksW

m

m
mm =                                               (5.3) where ( ), ( )m mZ s R s  are monic 

polynomials and km is constant gain and r is the reference input assumed to be a uniformly 

bounded and piecewise continuous function of time. The following assumptions regarding 

reference model are assumed to hold: 

M1. Zm(s), Rm(s) are monic Hurwitz polynomials of degree qm, pm respectively, where 

pm<=n. 

M2. The relative degree mmm qpn −=
of Wm(s) is same as that of Gp(s), i.e., 

 = nnm . 

STATEMENT OF THE PROBLEM 

The problem statement can be stated as follows: 

Given input and output from dc motor as in (5.1) and a reference model described by (5.3), 

the control input u(t) to the plant is be determined such that: 

0|)()(|lim)(lim =−= →→ tytyte mptt       (5.4)            In the plant considered the 

occurrence of load on the motor causes disturbance. Due to this load disturbance the speed of 

the motor fluctuates, so the designed scheme must be able to reject the variation in motor 

speed and reach the steady desired speed within time by reference model. 

CONTROLLER STRUCTURE: To meet the above specifications, the controller structure 

is organized as: 
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Figure 4:  Controller structure 

1 2 0 0

( ) ( )
( ) ( ) ( ) ( )

( ) ( )

T T

p p

s s
u t t u t y t y c r

s s

 
  = + + +

 
        (5.5) 

* * * * *

1 2 0 0( ) [ ( ), ( ), ( ), ]T T Tt t t t c   =     

where  

Tnn ssss ]1,,....,,[)( 32 −−=
 ;  for n>=2                                           0)( =s                      

;  for n=1 

where )(s  is an arbitrary monic Hurwitz polynomial of degree n-1 that contains Zm(s) as a 

factor, i.e., 

)()()( 0 sZss m=                                (5.6) 

which implies that )(0 s is monic, Hurwitz and of degree n0=n-1-qm.The controller parameter 

vector is chosen such that the transfer function from r to yp equals to Wm(s).The I/O 

properties of the closed loop plant  are described by the transfer equation   

( ).p cy G s r=                                                           (5.7)         

 we can now meet the control objective if we select the controller parameters, so that the 

closed loop poles are stable and the closed loop transfer function ( ) ( )c mG s W s=  is satisfied. 

DESIGN OF MRAC FOR RELATIVE DEGREE N=2 

The main characteristics of the standard MRAC scheme developed are: 

(i) The adaptive laws are driven by the estimation error, which due to the special form of the 

control law is equal to the tracking error. They are derived using the SPR-Lyapunov 

approach. 

(ii) A Lyapunov function is used to design the adaptive law and establish boundedness for all 

signals in the closed loop plants. The design of MRAC to meet the control objective control 

law (5.5) can be written in state space form. 
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1 1 1

2 2 2

*

, (0) 0

, (0) 0

p

p

T

p

F gu

F gy

u

  

  

 

•

•

= + =

= + =

=

                                (6.1) 

                              
1

1 2 1 2, ,
T

T T n

py r R     − =    

Where ( )t  is the estimate of *  at time t to be generated by an approximate adaptive law. 

Obtaining the composite state space representation of the plant and the controller i.e. 

                                                       
*

0 0, (0)c c c c c

T

p c c

Y A Y B c r Y Y

y C Y

•

= + =

=
                             (6.2)                                 

  Where 1 2[ , , ]T T T T

c pY x  =  

                 

* * *

3 1 2

* * *

3 1 2 ,

0 0

0 0

T T T

p p p p p p

T T T

c p c

T

p

T T

c p

A B C B B B

A g C F g g B g

gC F

C C

  

  

 +  
   

= + =   
     

 =  

 

and Y0   is the vector with initial conditions. Then adding and subtracting the desired input 

 T

cB *
 to obtain 

* *

0 ( )T T

c c c c pY A Y B B u   
•

= + + −                  (6.3) 

Rewriting the above equation 

* *

0 0( ), (0)T

c c c c c p c

T

p c c

Y A Y B c r B u Y X

y C Y

 
•

= + + − =

=
 (6.4) 

 Defining c me Y Y= − and 1 p me y y= −  where Ym is the state of the nonminimal representation 

of the reference model.  Error equation is given by: 

*

0

1

( ), (0)T

c c p

T

c

e A e B u e e

e C e

 
•

= + − =

=
                     (6.5) 

The above equation is rewritten as 

)()( *

1  T

m usWe −= 
               (6.6)  

Where
0

1

c



= . 
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Substituting the control law in equation (6.5), the resultant error equation is given by 

~
*

0

1

, (0)
T

c c

T

c

e A e B e e

e C e

  
• −

= + =

=

   (6.7)    

Where *

0c cB B c
−

=    or 
~

*

1 ( ) T

me W s   = , which relates the parameter error 
~

*( )t  = − with 

the tracking error. Because 
1 *

0( ) ( )T

m c c cW s C sI A B c−= −  is SPR and Ac is stable, equation 

(6.7) is in appropriate form for applying the SPR-Lyapunov approach. With n*=2, Wm(s) is 

no longer SPR and therefore by using the identity 1))(( 1

00 =++ −psps  for some p0>0, 

rewriting the above equations  

eCe

eeupsBeAe

T

c

T

fcc

=

=−++= 
−•

1

0

*

0 )0(),()(          (6.8)  i.e.,   

*

1 0( )( ) ( )T

m fe W s s p u  = + −                       (6.9) where 0c cB B c
−

=   

   
0 0

1 1
,

( ) ( )
fu u

s p s p
 = =

+ +
                      (6.10) 

and Wm(s), p0>0 are chosen such that Wm(s)(s+p0) is SPR. 

Choosing  T

fu =  and rewriting the error equation 

eCe

eepsBeAe

T

c

T

cc

=

=++= 
−•

1

0

~

0 )0(,)( 
          (6.11) 

or, in the transfer function form    
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Transforming the above equation by using the transformation 


T

cBee
~


−−

−=    

i.e. 
−

−−


−−

=

=+=

•

eCe

eeBeAe

T

c

T

c

1

0

~

1 )0(,
                        (6.13) 

where 01 pBBAB ccc
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+= and 
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= =  due to n*=2.  With the above error 

equation adaptive law can be designed as: 
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which implies 
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  is available from the adaptive law, the control law given by the above equation can be 

implemented without the use of differentiators.   

Considering the Lyapunov like function as in the previous case for generating adaptive law 
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where 0c cP P=   satisfies the MKY Lemma. 
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The signal vector   is expressed as 
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which implies that 
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SELECTION OF REFERENCE MODEL 

The first step in controller design is to select a suitable reference model for the motor to 

follow. Let us assume that the dc motor is to behave as a second order system whose input is

( )r t  and the output is ( )m t . For a continuous- time system, the reference model can be 

selected as the ideal second order system transfer function. 
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 In this case, the speed desired is 57.6 rad/s (550rpm). The damping coefficient ( ) is taken 

as one in order to represent critical damping. The above design procedure ensures that the 

reference model is compatible with the actual motor dynamics. This is an important 

consideration since an arbitrarily selected reference model can degrade the tracking 

performance. In case of large and abrupt reference tracks, a bound on the control signal is 

needed or the control technique must be modified to include the control signal in the 

performance index. The desired trajectory is as given in figure 5.For the system considered 

under case study desired specification are given in the following table. 



INTEGRATED SOLUTION: SEM 2023  ISBN: 978-81-961781-0-9 

193 

 

Figure 5. Desired trajectory described by reference model. 

Simulation Results: A separately excited dc motor with nameplate ratings of 1 hp, 220 V, 

550 rpm is used in all simulations. The following parameter values are associated with it. [6] 

Jm=0.068 kg-m2 or Nm/(rad/sec2). 

Bm=0.03475 Nm-sec or Nm/ (rad/sec). 

Ra=7.56 ohms. 

La=0.055 Henry. 

KT=3.475Nm-A-1. 

Kb=3.475 V/rad/sec. 

In this work the adaptive control scheme (MRAC) is simulated for various loading 

conditions, parameter uncertainties and measurement noise. The performance of the dc motor 

is studied from no load to full load and open loop to adaptive closed loop. To test the system 

performance the data of the dc motor is taken from [6]. In the design maximum control input 

limit is kept 250 volts and the maximum motor current is 1.5 times of full load current. The 

adaptation gain of 0.0008 is selected after a number of trials, which suits the rating of the dc 

motor. 

 

Figure 6. Tracking performance at full load (12.95 Nm) applied at t=3 sec. 
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Figure 7. Tracking performance at 125% of full load applied at t=3 sec. 

 

Figure 8. Tracking performance at 75% of full load applied at t=3 sec. 

 

Figure 9. Full load applied at t=4 sec and thrown off at t=6sec 
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Figure 10.  Speed tracking after parameter variation of +20% from nominal value 

 

Figure 11. Tracking Responses under measurement noise (±0.1 rad/sec) 

 

Figure 12. Tracking Responses for trapezoidal trajectory when load is applied at t=3sec. 
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becoming control input violently high this may not be compatible to the system. It is also 

inferred that with the increase in adaptation gain the error becomes smaller. All the results are 

found for the adaptation gain of 0.0008. All the results show the values of control input 

(armature voltage), input current (armature current) and speed as per the motor ratings (plots 

are not shown due to space constraints). To demonstrate the effectiveness of the MRAC, 

the system (dc motor) has been simulated under various operating conditions such 

as load disturbance, parameter uncertainties, and measurement noise and for 

different shapes of tracks selected. Robustness is of particular importance in most of 

the control applications. Controllers with the fixed parameters cannot be robust 

unless unrealistically high gains are used. Hence the fixed controller parameter 

controllers cannot be considered for high performance applications. Simulation result 

shows that the robustness is greatly enhanced by this adaptive scheme, by 

continually adjusting the controller parameters to counteract the change in system 

operating conditions. The adaptive scheme used for the dc motor also demonstrates 

the load disturbance rejection capability. So, this capability is important when a 

motor is to be operated at constant speed under varying load perturbations. The 

oscillatory nature in the control input is due to external load disturbances. Simulation 

study shows some initial oscillations in the control signal are evident because the initial 

values of controller parameters are obtained by the off-line estimation, which may not be 

accurate enough. However, once on-line updation begins the controller parameters are more 

accurate and the control signal is much smoother. In order to get the smoother control signal, 

controller parameter estimation can be started from some intermediate values by providing 

initial values of the controller parameters. The initial parameters can be chosen on the basis 

of simulations carried out for particular operating conditions. It results to the faster adaptation 

of the reference trajectory. A dc motor has been successfully controlled using MRAC. The 

unknown, time variant nonlinear load characteristics have been successfully captured by this 

adaptive scheme. Particularly the robustness of the controller is of importance because noisy 

operating conditions are very common in practical applications. 
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CHAPTER-4.1 
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ABSTRACT: Supply chain is the buzz word of today’s business environment. Planning is an 

important aspect for the success of supply chain management. Further, poor planning always leads to 

faulty supply chain management. With this as viewpoint authors have endeavored to put forward the 

issues pertaining to the supply chain planning. In this paper, the planning issues of supply chain 

management are viewed from the perspective’s Individual issues. The authors have considered all the 

issues of real business situations which managers are generally considers for planning the supply 

chain. 

Key words: Supply Chain Management, Decision making. 

INTRODUCTION 

Supply chain management mainly deals with planning issues.  Poor planning always yields a 

situation of unsold quantities, excessive inventory, rise in cost, delay in delivery, etc.  The 

following decision problems are generally addressed in supply chain planning.   

1. Deciding marketing objective. 

2. Deciding the number of production and distribution centers, and their locations.  

3. Deciding the number of suppliers, so-called partners, which should be chosen from a 

particular location.  

4. Deciding the capacity of the partners. 

5. Deciding what routes or modes are to be followed for delivery.  

6. Deciding the order quantity to the suppliers. 

7. Deciding the distribution quantity. 

8. Deciding the batch size for delivery. 

9. Deciding the sequence in which the production should take place.  

In supply chain planning, these managerial questions are frequently dealt by the decision 

maker.  They also encounter challenge in achieving the best planning for a supply chain to 

respond to various possible hurdles that may occur in future and also to best optimize and 

utilize the available resources.  The objective of the supply chain planning is to increase the 

profit of all the partners in the whole chain.  Planning on the basis of time horizon may be 

categorized as: (1) long term planning, (2) medium term planning, and (3) short term 

planning.  The time horizon for long term planning is of 2 to 5 years approximately.  For 

medium term and short term planning, the time horizon ranges from 1 to 2 years and 1 week 
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to 1 year respectively (Gupta and Maranas, 2003).  Another distinction in supply chain 

planning is attributed to the criticality of decisions involved into the planning and 

involvement of the hierarchy of the management in the decision making process.  With this 

view point, a supply chain planning may be distinguished as: (1) strategic planning, (2) 

tactical planning, and (3) operational planning.  The top management is involved into 

strategic planning which is long term in nature. Middle and lower management respectively 

deal with tactical (medium term) and operational (short term) planning.  In order to meet 

customer demand with “guaranteed delivery” of “high quality” and “low cost” of products 

with “minimal lead time”, companies need to have better visibility into the entire supply 

chain to look different options in cost cutting programme.  The key planning issues linked to 

this aspect of supply chain management are discussed in next section- 

PLANNING ISSUES 

Planning is the key to success and the supply chain management too. In order to plan a supply 

chain we always look forward that issues related to it must be resolved. Considering this as 

view point, the planning issues pertaining to a supply chain management is elaborated in this 

section.  

Network planning: A supply chain (SC) network is described by its basic elements, e.g. (1) 

structure, (2) dynamics or pattern of flow (Taylor, 2004) and (3) types of partnership.  This 

refers to the planning for the skeleton of supply chain.  This is prerequisite for the supply 

chain planning.  Broadly speaking, planning of the structure includes decision making for (1) 

number of echelons and (2) number of members at each echelon.  In other words, this activity 

comprises of the development of stage and/or facilities at every stage depending upon the 

economy and dynamics of flow of materials, money and information.  With the increase in 

the number of echelons, the length (horizontal dimension) of the supply chain increases; 

whereas, increase in the number of members at one or more echelons leads to the increment 

in height (vertical dimension).  Thus, it may be said that number of echelons and number of 

members at each echelon, in turn, would govern the horizontal and vertical dimensions of the 

supply chain.  The network plan starts with the chaining of organizational units, i.e. by 

linking those organizations which best fit the existing supply chains according to the 

requirement of the service level as prescribed by the customers and end users.  Obviously, 

global aspects will play an important role while deciding the capabilities (e.g. product and 

process knowhow as well as the financial position) of potential partners.  Partnership is not 

created in conventional sense, rather it is continuously developed over product life cycle 

(Stadtler, 2005).  The fitness of a member of a chain is tested in the form of due attentiveness 

and trustworthiness.  The cooperation amongst the partners should be such that all the 

members of SC get benefited.  Thus, the strategy should be of win–win type.  From a 

financial perspective, cooperation may also be achieved by adopting transfer price 

negotiation scheme within the chain.  According to this scheme, a partner has to be paid 

compensation, if asked to give up locally optimal decisions in favour of the chain as a whole.   
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Another aspect of network planning is to control the members of the network.  The challenge, 

in controlling such a network, stems from the nature of relationships between SC partners.  

The type of relationship is based on two facts: (1) degree of integration, and (2) independence 

of ownership (Taylor, 2004).  In a supply chain, the partners are neither the part of a single 

hierarchy nor loosely coupled merely by adhoc trading relations.  Therefore, one must seek a 

control point between these two extremes.  Generally, collaborative relationship is argued for 

the strategic suppliers.  Therefore, a control point may be set even in the case of adhoc 

relationship when only some non critical items are to be purchased and frequency of the 

purchase is very less. The control point is also set towards vertical integration (i.e. strategic 

partnership) if more chance is there for losing business associated with the items supplied by 

those partners.   

The objective of the network planning is to mitigate the complexity arising in the primary 

‘flow’ of materials. A sound network planning not only reduces the complexity of the flow, 

but also helps in reduction of the situation of chaos among the members of the said chain.  

Since network planning is closely linked with the other planning issues, it may be regarded as 

a key planning area.  This type of planning involves decision making for number of partners 

at each echelon, identification of nature of collaboration with the partners, and many more.  

At the strategic level, it considers deciding the configuration of the network (i.e., number, 

location and capacity), and technology of the production and distribution facilities.  The 

configuration decisions mainly consist of deciding which of the processing centers to build 

(major configuration decisions) and which processing and finishing machines to procure 

(minor configuration decisions).  At tactical level, it involves deciding the aggregate 

quantities and material flows for purchasing, processing and distribution of products.  The 

strategic configuration of the supply chain is a key factor influencing efficient tactical 

operations and, therefore, has a long lasting impact on the firm.  Furthermore, the fact that the 

supply chain configuration involves the commitment of substantial capital resources over 

long periods of time, it makes the supply chain network design problem extremely important 

(Santosoet al., 2005).  Once decision has been taken on number of members and their 

interrelationship, the next important decision is to plan for supply. 

Supply planning: For a typical manufacturer, purchased items (such as raw materials) may 

represent 70% of its total sales (Amid et al., 2011).  Therefore, it is essential to carefully 

manage the supply process.  The effectiveness of the supply process ultimately depends upon 

the order quantity allocation strategy adopted by a firm for their suppliers.  This process, in 

turn, helps in establishing a competitive and effective purchasing function (Mafakheriet al., 

2011).  In this regard, the most important challenge faced by a supply chain manager is to 

plan for the supply in commensuration to the requirements.  This problem mostly deals with 

the selection of right number of suppliers for supplying raw materials, parts and components 

required by the firm.  Selection is generally based on multiple criteria like quality, cost, 

reliability, etc (Bharadwaj, 2004).  The selection criteria ultimately are decided by the top 

management and depend upon the requirement of the buyer organization (Amid et al., 2011, 
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Yücel and Güneri, 2011).  This issue is of much greater importance as the companies can 

exercise their discretion in opting for right group of suppliers/vendors for receiving selected 

items as raw materials from them in right quantities.  It is needless to mention that the size of 

the order would ultimately depend upon the customer’s order policy.  Basically, there are two 

kinds of supplier selection problems described as follows.  

Supplier selection problem with no constraints: Here, all the suppliers can satisfy the 

buyer’s requirements of demand, quality, delivery, etc (Amin et al., 2011). 

Supplier selection problem with limitations on supplier’s capacity, quality, etc: In other 

words, a single supplier cannot satisfy the buyer’s total requirements in this situation.  Thus, 

the buyer has to fulfil its needs to be met by a supplier partly and remaining part from other 

suppliers to compensate for the shortage of capacity or low quality of the first supplier (Wu et 

al. 2010; Mendoza and Ventura, 2010). 

In the first kind of supplier selection, there is definitely a supplier (single sourcing) who can 

meet all the buyer’s needs.  The management has to just identify the best supplier.  Whereas 

in the second case, more than one supplier (multiple sourcing) are to be selected (Aissaoui, et 

al., 2007) as no supplier can satisfy all the buyers' requirements.  

Both the single and multiple sourcing strategies have their own merits and demerits.  

Naturally, in single sourcing strategy, there may be better collaboration and partnership as a 

result of which joint planning may not have any ambiguity.  In contrast to the single sourcing 

strategy, multiple sourcing strategy may result into high level of robustness and reliability 

(Awasthiet al., 2009).  Moreover, when consolidating and reducing the number of suppliers, 

sometimes companies may run at the risk of not having sufficient raw materials to meet their 

fluctuating demand.  Such risks may be caused by natural disasters or man-made actions.  As 

a result, there is a need to tradeoff between the benefits of managing with few selected 

suppliers and the risk with the supplies (Li and Zabinsky, 2011).  In this situation, a manager 

has to decide 

1. the quantity of a product to be purchased from suppliers,  

2. the supplier, out of already selected pool of suppliers, to which the product will ordered, 

and  

3. the period in which a particular supplier will fetch materials for a particular product 

(Basnet and Leung, 2005, Rezaei and Davoodi, 2008). 

Whether this order quantity will be acceptable to the suppliers or not, this itself is a big issue. 

In many cases, where a product or raw material is needed for a short duration, a long term 

commitment with suppliers is not desirable.  In this situation, either due to the absence of 

long term commitment (consistent demand) or probably due to technical constraints, the 

suppliers may not be ready to invest in augmenting their capacity (Awasthiet al., 2009).  In 

order to have a high reliability of suppliers and assurance that the supplier will accept the 

order quantities, one has to go for a long term commitment with the suppliers. For long term 
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commitment, appropriate suppliers must be selected.  Selecting an appropriate supplier can 

significantly help in reduction in purchasing costs, decrease in production lead time, increase 

in customer satisfaction, and strengthening of corporate competitiveness (Li and Zabinsky, 

2011).  In addition, manufacturing firms must make a timely estimate of materials or 

components available from each selected supplier in order to minimize purchasing costs, and 

should also work on means for long term relationship that can be devised. 

Inventory planning / control: Wadhwa and Ravindran (2007) reported that inventory 

occupies 20% to 60% of the total assets of a manufacturing firm.  Inventory is the necessary 

evil in the sense that if it is in hand, a cost is incurred on its holding for a period, but is 

generally held in hand to substantiate the surge in demand over the planning horizon.  In this 

way, it works as a double edged sword.  Therefore, management bothers too much for its 

planning.  The inventory planning involves acquiring and maintaining a proper merchandise 

assortment while compromising with related costs, e.g. ordering/transaction cost, shipping 

cost, etc.  It also requires a systematic process to identify inventory requirements, 

replenishment techniques, a system for reporting actual and projected inventory status, and a 

system of tracking and management of materials.  This would also include the process for 

monitoring of material moved into and out from stockroom and the reconciling of the 

inventory balances.  For a supply chain dealing with physical distribution of goods, primary 

objective of the inventory planning is to control stock levels.  Inventory control has to 

describe the way primarily for designing and managing the storage policies. 

Inventory planning and control generally deals with the issues like‘‘How much to order’’, 

‘‘when to order’’, ‘‘how much to stock’’, ‘‘how much shortage to be permitted’’ and so on.  

These are the fundamental issues with which the managers commonly deal and try to resolve.  

These decisions are often subjected to several constraints such as budget, storage space 

requirements for the goods that can be stored, etc.  The decision making becomes strenuous 

while dealing with multiple products (Haksever and Moussourakis, 2005, Haksever and 

Moussourakis, 2008, Chopra et al., 2011). 

Production planning: Production is one of the important activities with which SCM deals.  

More specifically, production planning describes the design and management of the entire 

manufacturing activities, e.g. scheduling of raw material purchase, manufacturing process 

sequencing, line balancing etc.  Effective production planning is essential and is foundation 

of the supply chain as all purchasing schedules are affected by the production schedule and 

vice versa.  The production planning is constrained by the situations changing on daily or 

hourly basis, customer emergencies, rush orders, machine breakdowns, quality problems etc.  

Since this list is endless, there is a requirement of a robust plan to accommodate all such 

variations that influence the production cost as well as materials requirement.  Production 

planning also includes decision making on production volume and amount of inventory to be 

kept as stock. 

In general, a production plan is made to determine the quantity to be produced in specific 

periods of a given planning horizon in commensuration with the demand in these periods.  
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Usually, production planning is done at aggregate level, for both produced units and the 

resources required for them.  

Production planning represents the heart of any supply chain planning as it helps in 

conversion of raw materials into finished product by utilizing related resources effectively 

and efficiently.  During the production at a plant, often the presence of defective items can be 

observed in the lot of produced items.  When the defective item reaches the customer, it may 

either be returned to the manufacturer or sold at a reduced price.  The defective items may 

also be rejected, repaired or reworked depending upon the economics and technicality 

associated with its repairing or reworking.  Minor defects may be reworked even at the 

consumers point.  In some cases, items of imperfect quality, not necessarily defective, could 

also be used for another purpose (Rezaei and Davoodi, 2008).  For reworking, 100% 

inspection (screening) must be performed in order to identify the amount of good quality 

items, imperfect quality items and defective items in a lot.  Additionally, reworking of 

rejected items can also be accounted in planning the production quantity (Chan et al., 2003).  

Furthermore, proper sequencing of the multiple products, with different setup and processing 

times, may help in reduction of the total waiting time.  This in turn will help in reduction of 

the total holding cost at a plant and rescheduling of the supplies.  Allahverdiet al. (2008) have 

made an exhaustive review on production sequencing.  After production, the next activity is 

the distribution of the produced quantity to the consumers. 

Distribution/Logistics planning:The characteristics of today’s competitive environment, 

such as the speed of distribution with high efficiency and low operational costs, are forcing 

companies to continuously search for ways to improve their operations by proper distribution/ 

transportation planning.  This planning commonly involves both the design of the logistics 

network and the management of materials flow within the network.  The network considers 

raw materials suppliers, manufacturing plants, distribution channels, warehousing locations 

and customers’ geographical dispersion. 

Distribution planning problem includes the designing of a distribution network, i.e. 

determination of how much of a product type is to be flown from one location to other using 

the network.  In physical distribution system, use of retailers provides a company with 

flexibility to respond to changes in the marketplace.  Thus, the distribution planning problems 

are mostly encountered in delivering products from warehouses to retailers and/or from plants 

to warehouses. Normally, this decision is influenced by the capacity of vehicles, number of 

vehicles available for the distribution, associated cost, and condition of full truck load or part 

truck load shipments (Chen, 2004).  Transportation costs may include fixed and variable 

costs. 

Traditionally, manufacturers managed distribution operations internally.  As the complexity 

of supply chain increased and the market became increasingly competitive, many 

manufacturers realized that distribution operations are not their core competence and these 

operations may be outsourced. Thus, they started relying on professional distributors, an 

external entity. With this change in environment, professional distributors emerged to 
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manage, control and deliver products to the customers on behalf of the manufacturers (Hertz 

and Alfredsson, 2003; Jung et al., 2008).  Recently, some professional distributors extended 

their service portfolio to more advanced and complex services such as planning and 

coordination of supply chain.  Also, the direct access to the customers endows the distributors 

with opportunities to constantly extend their control from only distribution task to the 

coordination of the whole supply chain (Jung et al., 2008).   

Location planning: Facility location planning is a common supply chain planning problem 

for allocating facilities at the places such that the total cost of transportation from these places 

to the different marketplaces is the minimum.  Location planning is generally strategic in 

nature.  Once a location for a facility is fixed, a great amount of loss would be involved for its 

relocation as establishment cost will always come into the picture for fixing the facility at the 

new location.  

The establishment cost is generally very high compared to all other costs.  Choice of location 

for establishment of facilities in a supply chain provides an optimal platform for efficient and 

effective supply chain management.   

A typical location problem involves choosing “p” locations among “n” potential locations (p 

≤ n) for establishment of facilities and allocating demand to these locations with an objective 

to minimize the total weighted distance (or cost) between the facilities and the demand 

locations.  The classical warehouse location problem is an example of a location problem. In 

this problem, the number and location of warehouses are to be determined in addition to 

assigning demand at a minimum cost without violating the capacity restriction of these 

warehouses.   

A cost benefit analysis is worked out between the total cost required in installation of facility 

at a location and the prospective benefits that are going to be obtained in future.  Thus, in 

location planning, the ultimate challenge lies in selecting the best site for the facility 

(Jayaraman and Ross, 2003).  

Facility location decisions are critical elements in strategic planning for every firm 

irrespective of their being private or public.  The consequences of setting up facilities are 

long lasting and broad based and long-lasting as it impacts numerous operational and 

logistical decisions.   

High cost and time, associated with property acquisition and facility construction, make 

facility location or relocation projects long-term investments.  Thus, decision makers must 

select sites that will not simply perform well according to the current system state, but should 

continue to be profitable over its entire lifetime even if environmental factors change, 

population shifts or new market-trends evolve.  Finding best facility location is thus a 

difficult task and quite demanding as decision makers have to account for uncertain future 

events.  
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In particular, revenue and costs both are also affected by facility location.  Facility location 

planning must be done such that plant should be operated for maximum operating economy 

and effectiveness.  

This is a top level issue on the strategic agendas of contemporary manufacturing and service 

firms.  Particularly in this age of global markets and production environment, dramatic 

changes in international trade agreements have made the world truly a “global factory”, 

allowing companies greater flexibility in their location choices.  In practice, however, the 

question of location is very much linked to two competitive imperatives: (i) the need to 

produce close to the customer due to time-based competition, trade agreements, and shipping 

costs, and (ii) the need to locate near the appropriate labour pool to take advantage of low 

wages and/or high technical skills. 

Location planning is closely linked with capacity planning, and this is explained in the next 

section. 

Capacity planning: Like location planning, capacity planning also has a long-term decision 

focus.  It deals with the firm’s overall level of resources.  This type of planning is done for a 

time horizon long enough to engage huge resources for operations.  Capacity planning affects 

production lead time, customer responsiveness, operating cost and the ability of a company to 

compete in a given market.  Inadequate capacity can lead to the loss of customers and so of 

the business.   

At the same time, excess capacity can drain the company's resources and will prevent 

investment flowing into other more lucrative ventures.  Getting answers for the questions 

“whether capacity of the partners should be increased/decreased?” and “by how much?” are 

the critical decisions of capacity planning.  

In particular, capacity planning is the process of determining the production capacity needed 

for a factory at a location in order to meet long term demands.  In the context of capacity 

planning for production, "capacity" is the maximum amount of work that an organization is 

capable of completing in a given period of time.  Similar is the concern for deciding 

throughput capacity and storage capacity. 

In practice, these planning issues are to be handled in an integrated manner as it helps in 

obtaining more profit (Park, 2005).  Decades back in itself, the importance of the relations 

between the members has been recognized.  “Coordinated supply chain management” came 

into being as it emphasizes the aspect of coordination among the different components of the 

supply chain.  The availability of data and information technology tools derive SC using the 

advances in technology and communication systems.  

It has also created an atmosphere for coordination inside the supply chain.  Different models 

for the integration of above-mentioned decision-making problems have been proposed in the 

literature.  Every supply chain has its own planning focus, and they may differ from each 

other in terms of the degree of coordination desired amongst the members of the chain. 

http://en.wikipedia.org/wiki/Capacity_utilization
http://en.wikipedia.org/wiki/Demand_curve
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Different types of problems that have been considered in the literature for planning and 

integration of a supply chain are described in the next section. All the planning issues 

considered in the literature for different supply chain environments are summarized in Table 

2.1. 

 

SUMMARY 

In this paper authors have discussed the important planning issues of the supply chain 

management discussed by the researchers in their research articles. Authors have elaborated 

these issues in detail. The issues discussed in this paper are basic issues which can be utilized 

by the practitioners in order to plan the supply chain depending upon the actual situation as 

depicted in the paper. In further research, mathematical model can be built to address the 

issues portrayed in this paper. 
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Abstract: Solar energy is the ultimate renewable energy source utilized in evacuated tube solar 

collectors (ETSC functioning. The net-zero building concept is widely used in the research and 

development sector in energy-efficient building technology. In the low-temperature region, a 

significant portion of the energy is consumed in space heating. Hence as per the present scenario, 

renewable and sustainable energy plays a vital role in energy savings. Solar space heating systems are 

associated with solar water heating systems by evacuated tube solar collectors. This review article 

aims to discuss the recent advancements in evacuated tube solar collectors, considering different 

essential factors affecting the Performance of ETSC with its wide field of application. This study also 

discusses the payback period and some challenges of ETSC. A detailed analysis of the various working 

fluids and nanofluids was carried out to improve the evacuated tube solar collectors' overall 

performance and efficiency. The present review article emphasizes the recent development and 

improvement based on experimental, simulation and numerical studies in the last few decades. 

Eventually, this review presents future ideas that can be implemented to improve the performance of 

evacuated tube solar collectors. 

Keywords: Solar Energy, Net-zero building, Evacuated tube, Solar collectors, Nanofluid, Energy 

Efficiency, Space heating 

Introduction 

Renewable energy is critical in reducing dependence on traditional energy sources in which 

solar energy is widely used. India's solar energy potential is enormous. India's geographical 

area absorbs about 5,000 trillion kWh of power each year, with most of it receiving 4-7 kWh 

per square meter every day 1. Solar collectors are also utilized to generate hot water in the 

water storage tank, with significantly higher thermal efficiency than photovoltaic (PV cells. 

One of the essential considerations in designing the solar collectors installation is the type of 

solar collectors2. Solar collectors come in various shapes and sizes, including flat plate 

collectors, evacuated tube collectors, etc. Because solar radiation is only available during the 

day, solar energy storage is a significant difficulty in power generation, space heating, and 

water heating applications. As a result, choosing influential collectors is vital for any solar 

system. During installation, the use of evacuated tube solar panels was confirmed. Evacuated 

tube collectors show much greater efficiency and effectiveness of solar energy than other 

collectors for the absorber field 3. The evacuated tube solar collector is a device commonly 

used to supply heat for various purposes such as air heating, water heating, and thermal 

power plants, among others 4. Official figures show that per capita power usage has risen 

steadily over the previous eight years, from 914 kWh in 2012-13 to 1208 kWh in the most 

recent fiscal year, a 32 % increase. At India's independence in 1947, demand was only 16 

kWh 5. Increased use of renewable energy resources is required to meet rising energy demand 
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and the depletion of traditional energy sources 6. Solar collectorsform a heat exchanger that 

converts solar radiation into two types of energy: thermal energy in solar thermal applications 

and direct electrical power in photovoltaic applications. Solar devices capture solar radiation 

energy that strikes their surface, convert it to heat, and transport the heat to the working fluid 

running through them in the case of thermal applications 7. 

Space heating accounts for 32-33% of total energy use in residential and commercial 

buildings worldwide. Domestic hot water production also uses roughly 24% of residential 

and 12% of commercial buildings, posing a significant barrier to energy-efficient building 

design. Fig.1 shows that world energy consumption increases tremendously every ten years 

based on U. S Energy information 8. Hence, renewable solar energy plays a significant role in 

overcoming the energy demand. ETSCs are highly effective, and their performance is based 

on the solar irradiance of any region. 

Methodology: This review used a systematic literature review strategy to bring out 

comprehensive place-based research knowledge on Evacuated tube solar collectors (ETSC 

and their advancement. A systematic review focus on its energy efficiency and effectiveness. 

The recent literature reviews are based on various factors such as design aspects, operating 

parameters, tracking systems, and using different working fluids to enhance efficiency 2. 

Based on research findings and studies of recent advancements in ETSC, few future 

recommendations have been made for further research after a detailed discussion. 

Evacuated Tube Solar Collectors: ETSCs are comparatively more effective because of the 

vacuum in annular space between two concentric glass tubes, eliminating sun-tracking by 

tabular arrangement and design.  

Evacuated tube solar collectors: Principle of operation: The evacuated tube solar 

collectors' main components are the absorber, transparent glass cover, and heating source. 

ETSC works on the simple principle of 'Black body heat absorption principle' by which the  

 

Fig. 1: Past and projected world energy use 8 

'black body absorbs the maximum amount of heat because absorptivity of the black body is 

maximum compared to all other colors' The ETSC in which water or space heating can be 

possible by using a vacuum tube. The evacuated tube is made up of borosilicate glass in two 

concentric tubes. The vacuum is generated between two concentric tubes. The sketch shows 
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that a special coating is done in the evacuated tube's inner surface vacuum tube, which is the 

main component that absorbs solar energy. 

Thermosiphon Systems: In this type, water flows through the system, and when water gets 

warm, it rises as more extraordinary water sinks. The collectorsare installed below the storage 

tank so that warm water will rise into the tank. These systems do not involve any pump and 

are more reliable. The absorber is selectively coated to absorb all the global irradiance. 

Selective coatings have the highest value of absorptivity (>0.95 and negligible emissivity 

(<0.1 

 

Fig. 2: Evacuated tube solar collectors working principle. 

 

Fig. 3a: Evacuated tube inner cross-section9 

Why is an evacuated tube solar collector (ETSC preferable to another solar collector? 

Generally, FPCis designed for sunny and warm climates, and their performance decreases 

during cold and cloudy days; as well, it's comparatively costly and less effective than 

ETSC10. According to many researchers 11, ETSCs collect direct and diffuse radiations with excellent thermal 

performances with much higher efficiencies than FPC. ETSC also has convenient installation, maintenance, and 

transportation facility. Mangal et al. 12 mentioned that the only energy output in FPC is obtained 

at a mid-day peak because the sun is perpendicular to the solar collectors at mid-day. Still, in 

ETSC, due to the cylindrical form of the evacuated tube, sun tracking can be possible the 

whole day; hence peak solar energy absorption can be possible throughout the day as well 

because of the vacuum presence inside the evacuated tube envelope of the convective and 

conductive heat loss inside the evacuated tube reduces and less effected by outside low 

atmospheric temperature and flow of wind. The other most important factor in selecting the 
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ETSC is that the system does not affect if one or two evacuated tubes are broken. The 

capacity of hot water production and efficiency might be decreased, but the system will 

remain in a working position.At the same time, the repair and maintenance work can be 

carried out without shutting down the complete system, but if any damage occurs in FPC, 

then the operation has to be shut down, and then only the system can repair (13. An ETSC can 

produce heat quickly, and the heat loss in the tubes during the day is negligible, while heat 

generation is slow for an FPC, and the heat loss in the collectors and tank is high due to 

daytime convection 11. To install ETSC, grouting of the collectors is not mandatory because 

there is no effect of wind on the collectors because of the open space between two evacuated 

tubes. Still, grouting is a must in the case of FPC, and there are many limitations during the 

installation of FPC. As per the industry feedback, the overall performance of ETSC is 

satisfactory, and many research scopes are available for space heating and cooling application 

compared to FPC. The most crucial feature of ETSC is that they can operate in cold climate 

conditions and will not damage at higher altitudes due to freezing of water or snow 

formation. Energy efficiency is the primary factor in space heating systems in cold regions. A 

hybrid space heating system combines solar energy and geothermal energy for a space 

heating system (14.  

Recent advancements in ETSC based on its classification and modification 

The evacuated tube solar collectors is mainly classified into three types. 

• ETSC with direct flow 

• ETSC with U-tube flow 

• ETSC with heat pipe flow 

ETSC in which cold water is supplied in an insulated manifold, in which hot water is 

collected at a higher temperature. The manifold is connected with direct flow ETSC. Cold 

water gets down through an evacuated tube due to higher density, and hot water rises due to 

the thermosyphon effect. During the day, higher-intensity solar energy radiation strikes the 

evacuated tube. According to some publications, direct flow ETSC exhibit substantially 

higher efficiency than the conventional FPC2. 

of  ETSCs tube inner cross-section, the evacuated tube comprises two concentric tubes in 

which the inner tube has a selective coating. It absorbs all thermal radiation that passes 

through, having minimum emissivity15. At the same time, the outer tube is exposed to sun 

radiation. The inner tube absorbs solar radiation that travels through the translucent outer 

tube. The inner tube gets heated up when sunlight travels through the outer tube. A vacuum is 

generated to retain the heat, enabling solar radiation to flow through but preventing heat 

transmission16.The construction and functioning of evacuated tube collectors vary 

considerably17. Several factors can affect the collector's performance, including tube slope, 

flow velocity, and dust or covering. According to Weiss18, a collector’s tilt angle of 30° to 

75° has no impact on overall Performance.ETSC with a Cu-U-tube layout is commonly 

utilized to improve thermal efficiency and efficacy using Nanofluid or other working fluids, 
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Evacuated tubes with heat exchangers in the solar dryer increase the heat transfer rate of air, 

drying the product efficiently with less time.  

A review of the performance of an evacuated tube solar collector with a sealed heat Pipe 

model is generally made of copper to improve the collectors' efficiency. The working fluid is 

kept at reduced pressure in an evacuated tube with a heat pipe, evaporating in the evaporator 

portion, and condensation happens at saturated temperature.The low-pressure fluid inside the 

heat pipe develops a capillary action pressure to pump condensed liquid from the condenser 

to the evaporator in close-loop circulation19. The ETSCs with heat pipe systems with 

reflectors lower convection losses while increasing exergy efficiency. The thermal oil is 

poured into the evacuated tube. The bulb temperature and the heating efficiency of the 

evacuated tube heat pipe have risen when oil is inserted into the evacuated tube.The 

temperature, heating time, and cooling time are Maximum in case 3, in which the ETSC with 

heat pipe taken in copper foamed metal with oil is used inside the collectors. The heat 

transfer rate can enhance in the case of an evacuated tube solar collector with a heat pipe 

using a rectangular absorber plate by increasing the contact surface area of the heat pipe 21.  

Further research is recommended from the above review, creating a standard simulation tool 

in 2020 that can calculate the device output parameters under design conditions and 

collecting training datasets from pilot projects from which simulation validation and 

experimental results can obtain. Optimizing the required solar system, including the control 

system and superstructure operation, improves the system's overall performance parameters22. 

It has been experimentally proved that an evacuated heat pipe collector (ETHPC performs 

much better than a traditional flat-plate collectors23. The heat pipe comprises copper tubing, 

and the evaporator, adiabatic, and condenser portions are 1700, 100, and 200 mm long, 

respectively. A copper plate is finned in the evaporator area to improve solar input24.The 

result was obtained by a solar-assisted space heating system based on the following factors. 

i.e., solar radiation intensity, yearly weather data, number of sunny days per year, and solar 

collectors area. The increase in the wind velocity contributes to the decrease in both the 

energy and exergy efficiency of the evacuated tube solar collectors25. In the ETSC-by 

increasing the number of the evacuated tube with the heat pipe increases both absorber 

surface area and absorbed energy; however, the temperature difference between the working 

fluid and heat pipe is maximum at the inlet section of the tube, which leads to maximum heat 

transfer coefficient and subsequently the temperature difference decreases after passing 

through other tubes. Hence, the rate of heat transfer and increase in temperature reduces due 

to an increase in the total number of tubes26. Heat pipe solar collectors have a high potential 

regarding both state-of-art. The heat transfer rate can enhance in the case of an evacuated 

tube solar collector with a heat pipe using a rectangular absorber plate by increasing the 

contact surface area of the heat pipe, as shown in Fig.4. 
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Fig. 4: Evacuated tube solar collectors with heat pipe with the rectangular fin absorber plate21 

The-art collector’s development and new collectors’ concepts and applications. However, 

they still suffer from several drawbacks27. 

Factors affecting the Performance of ETSCs  

ETSC Performance can be evaluated using a variety of operating parameters such as the 

working fluid, or Nanofluid used, angle of incident radiation, collectors inclination angle, 

type of reflector, mass flow rate, wind velocity, solar intensity in Watt/m2, location, the 

number of sunny days throughout the year, and weather data. The thermal efficiency, 

optimum temperature obtained, efficacy, and rate of hot water production as a function of 

time are significant indicators of ETSC performance. 

Effect of working fluids/Nanofluids on the Performance of ETSCs. 

In the ETSCs, water is initially used as a working fluid to heat the water; later on, oil and air 

are the most common working fluids used in solar energy systems. Still, the thermal 

conductivity of these fluids is relatively low. It was found that adding propylene glycol with 

water as a working fluid in ETSC with a heat pipe resulted in an increased temperature 

difference with increased exergy efficiency and thermal efficiency. This conclusion is 

consistent with the experimental investigations carried out by28. Who studiedto increase the 

overall performance of an evacuated tube solar collectors with a thermosyphon heat pipe, 

chloroform, and acetone showing the best results in terms of energy and exergy performance 

of the thermosyphon heat pipe evacuated tube collectors (THPETC.Evacuated tube solar 

collectors coupled with solar desalination systems using therminol as a working fluid in 

evacuated tubes enhance the efficiency and production of freshwater and condensation 

rate29.Researchers are now looking into new working fluids, such as nanofluids, rather than 

water and air, to improve collectors' performance. Nanofluids comprise base liquid and 

nanomaterials with improved thermophysical properties like thermal conductivity, diffusivity, 

and convective heat transfer coefficients. Nanofluids increase solar collectors' optical 

characteristics, transmittance, and extinction coefficient and boost heat transfer efficiency. As 

time passes, the water temperature rises, increasing solar radiation and a maximum 
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temperature of 640 degrees Celsius30. It is possible to enhance the efficiency of evacuated 

tube collectors by adding a trim concentration level of 1.5 to 2.0 volume by creating a mirror 

from a part of the inner concave surface of a glass tube. U-tube is installed inside the 

evacuated tube solar collectors using nanofluids, and it found that the maximum thermal 

efficiency is achieved with a 4% nanofluid volume concentration31. U-tube solar collectors 

with aluminum oxide Nanofluid concentration enhance the maximum efficiency by 72.4%32. 

High temperatures can be achieved by adopting a vacuum between the glass cover and the 

absorber plate to reduce or eliminate convection losses33. Carbon dioxide as a working fluid 

is used in evacuated tube solar collectorswhere the CO2 temperature difference occurs from 

350C to 780C and gives a maximum temperature difference of 430C34.Nanofluids are 

designed to prepare fluids by dispersing nano-sized metal or metal oxide particles dispersed 

in liquids like water. Nanofluids possess higher thermal conductivity35. The evacuated tube 

heat pipe solar collectors using TiO2 nanoparticles mixed in distilled water enhanced the 

efficiency by 16.7% at a flow rate of 2.7 liters per minute. TiO2 nanofluid has a higher 

temperature difference than water. The presence of TiO2 nanoparticles enhances the thermal 

properties compared to water. These enhancements increase the capability to transfer heat 

from the absorber plate to the working fluid. Different Types, sizes, and content in %age of 

volume fraction of nanoparticles also play a significant role in enhancing the rate of heat 

transfer, thermal properties of the Nanofluid, overall effectiveness, and efficiency of the 

evacuated tube solar collectors. Maximum solar collector’s efficiency occurs at a 5% volume 

fraction of Nanofluid in distilled water36. In another paper, the thermal analysis was taken by 

another nano fluid-like grapheme water (0.2 % Concentration. The reading was obtained for 

temperatures at the different quantities of fluid capacity in the tank. The maximum 

temperature increases with decreases in the quantity of Nanofluid.  

As well as the reading obtained with and without a reflector at the same condition and with 

different quantities of the working fluid. The temperature rises with the reflector and 

increases up 700C37.ETSC also gives good results at a high flow rate and downward flow 

direction38. The critical properties of carbon dioxide as a working fluid have a high 

volumetric capacity and higher heat transfer coefficient than other working fluids. They are 

thermally stable for a wide range of temperatures. Carbon dioxide's other properties are 

abundant in nature, nonpoisonous, non-flammable, and environment friendly with lower 

global warming potential. 

 In the study of evacuated tube solar collectors, CO2is a working fluid, and using parabolic 

collectors or external compound parabolic collectors in both the reflector and the working 

fluid temperature increases the efficiency of the evacuated tube collectors decreases. At the 

maximum temperature of 2000C, the collectors' efficiency becomes 40%. As well as the main 

challenge is to maintain high operating pressure inside the collectors39. 

In an evacuated tube solar collectors with supercritical CO2 as a working fluid, the results 

show that the temperature, pressure, and mass flow rate increase with the solar radiation, 

which is different from those of traditional solar collectors using liquid as the working fluid. 
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The annually averaged collector's efficiency is above 60.0% in the case of supercritical CO2 

as a working fluid, which is much higher than water-based solar collectors40.  

As per the previous study, supercritical carbon dioxide is used as a working used in evacuated 

tube solar collectors for solar water heating systems in which the heat transfer can take place 

by natural convection without using the pump. The thermal efficiency can achieve up to 

90.4%, which is comparatively higher than other solar water heating systems. In this system, 

sufficient hot water in summer can produce at 780C41.  

During a typical day of operation, the effects of employing water, ammonia, acetone, 

methanol, and pentane as working fluids of the built-in heat of the pipe are compared. From 

an economic and technological standpoint, it has been proven that the performance of a solar 

water heater can be improved by up to 28% and 50%, respectively42.  

The collectors comprise five evacuated tubes that are filled with regular engine oil. The 

working fluid is carried through an extra stainless-steel pipe incorporated with the tubes. 5 U-

shape twists are formed by bending the steel pipe (through-flow pipe 5 times. Every U-turn is 

contained within a single evacuated tube. The number of evacuated tubes should be 

increased, and the stainless-steel pipe diameter should be raised. At the same time, the length 

is lowered to improve the system's performance and make it suited for larger loads, e.g., 

creating superheated steam43. 

The heat gained by the working fluid increases with solar intensity. Heat transfer from the 

outer glass to the U-type copper or aluminum tube will be higher at higher solar intensity. 

Subsequently, there will be a higher potential for convective heat transfer between the lower 

surface of the U tube and the working fluid. The model predictions are compared with 

experimental data, and a good agreement is observed between them. Aqueous lithium 

chloride solution (LiCl-H2O, water, and air are chosen as working fluids44.  

Performance analysis of ETSC based on reflector and absorber: The reflectors and 

absorbers in the evacuated tube solar collector are essential in enhancing thermal efficiency 

and optimum temperature range. The research has been carried out to select reflector material 

and configuration of material in which mirror is considered the best than other reflector 

materials like white paint or aluminum foil. The flat and zigzag geometry of reflectors also 

provides the best results41. This reflector can focus radiation on an absorber plate inside the 

tube. External radiation concentrations can also be coupled to an evacuated collector for 

performance enhancement over the simple42.  

The reflectors are used to enhance thePerformance of ETSC. In the case of a reflector, ETSC 

gives a higher temperature difference and has better thermal efficiency than the case without 

a reflector43. The Performance of ETSC depends on the absorber shape and geometry 

configuration inside the tube and evacuated tube arrangement with the proper angle of solar 

irradiation.  

Kim and Seo44 worked on different absorber shapes with different arrangements of absorber 

plates. U tube of copper is inserted inside the evacuated tube where fluid flow occurs.Four 
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models were studied based on the absorber's solar irradiation angle and shape. Regarding the 

beam radiation consideration, overall, model II gave the best performance among all models, 

and the absorbing area of the tube increases the overall performance of the collector also 

increases44. 

The cheapest and least effective tor is a diffuse reflection with a simple surface. V-trough and 

cylindrical reflectors are more commonly used because of their superior performance and 

ease of production.  

The collector's efficiency has increased by 2% due to improved transmittance from 0.91 to 

0.96 and antireflection coatings46. The only factors that influence the reflection of beam 

radiation are the incidence angle and collector geometry47. A compound parabolic reflector 

improves optical efficiency by 66 % at a normal incidence angle56. The optical efficiency of a 

Fresnel lens is reduced by 6.3 % while the thermal efficiency is raised48. Thermal efficiency 

is reduced due to optical and thermal losses. 

Review of performance based on operating parameters: Various factors affect the 

performance of evacuated tube solar collectors. Based on the working fluid flowing inside the 

evacuated tube, some of the critical factors are the mass flow rate of the working fluid 

Optical properties of the absorber tube materials based on the coating, design of collector 

geometry and contact surface area, angle of inclination of an evacuated tube, and by 

application of a reflector to enhance the intensity of the radiation(Kumar et al., 2021. (Gao et 

al.,2011 examined the effects of thermal flow and mass rate on solar hot water systems with 

forced circulation. 

Two types of ETSCs were investigated for the system: water in a glass and U-pipe evacuated 

collectors. WGETSC and UPETSC were compared in terms of their energy efficiency. 

UPETSC has a 25–35 percent larger energy storage capacity than WGETSC, according to the 

comparison. The flow rate and fluid thermal mass impact energy storage and pump 

operations.  

A proper mass flow rate is necessary to keep the pump running smoothly and extract energy 

from the collector promptly and efficiently. It should be mentioned that when the flow rate 

increases, the performance of energy collecting decreases (El-Nashar,2001. 

Table 1 Previous Research outcomes on different working fluids and types of 

ETSC 

Author 
Type of 

Investigations 

Working 

Fluid 
Key findings 

Areas, C.54 Experimental Water 
In cold climates, the evacuated tube collectors 

perform better. 

H. Zhang et Experimental CO2 The thermal-hydraulic Performance of CO2 is 
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al. 55 influenced by its mass flux, heat flux, 

operating pressure, and cross-section 

shape. 

X. W. 

Zhang et 

al.56 

Experimental CO2 

The results reveal that natural convection may 

quickly generate supercritical CO2 flow 

circulation in this solar heater without a 

driving pump.  

Up to 90.4 % heat recovery efficiency is 

achieved, higher than most standard solar 

water heater systems. 

Heater. 57 Experimental CO2 

The thermosiphon solar water heater of claim 

1, wherein carbon dioxide circulates 

through the U - shaped tube in the glass 

tube under gravity as the carbon dioxide 

upon cooling becomes heavier and returns 

to the U - shared tube in the glass tube 

through the cold manifold. 

(Yamaguchi 

et al.58 
Experimental CO2 

Solar heating or water cooling may readily 

create a natural convection flow of 

supercritical carbon dioxide. This 

convective flow collects and transmits 

heat from solar collectors tubes to water. 

(X. R. 

Zhang et 

al.59 

Experimental CO2 

A Feasibility Study of CO2Based Rankine 

Cycle powered by solar energy. The 

maximum temperature of CO2 can achieve 

up to 1850 C. 

Application of ETSC: The most suitable device for solar thermal applications has been 

evacuated tube solar collectors67. The main application of ETSC is either for domestic 

purposes, for example, in residential homes, or industrial applications, such as in 

pharmaceuticals, textiles, paper, and leather industries, swimming pools, boiler houses, 

hospitals, and nursing homes. Some of the applications identified by several researchers 

include water heating, air drying, air heating, and desalination are just a few of the many uses 

for ETSCs. The researchers have studied ETSCs, which may be utilized for cooling and 

heating systems. Evacuated tubes with a heat exchanger in the solar dryer increase the heat 

transfer rate of air, drying the product efficiently with lesstime. All use of ETSCs in different 

components of domestic life, namely water heating, roof heating, kitchen, washing machine, 

space heating, etc. Nowadays, each household consumes a considerable quantity of energy 
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daily. We can install efficient ETSCs with proper hot water storage technologies and proper 

utilization in cold regions to reduce unit power consumption. 

Challenges and remedies of using ETSCs: Specific challenges arise after using ETSCs for 

domestic water heating applications. ETSCs tube is comparatively more efficient than FPC. It 

becomes pretty hot, reaching the boiling point of water during the hot summer month due to 

the vacuum inside the tube, leading to overheating and breaking the evacuated tubes. To 

overcome this common problem, cold water with hot water ensures the temperature and 

pressure should not exceed the desired limit68. In the extreme winter season, when the 

surrounding temperature is shallow and snowfall occurs, the snow falls stuck on the 

evacuated tube, forming the snow layer on the ETSC. This happens because the outer surface 

of the evacuated tube is not heated. Hence ultimately, the efficiency and effectiveness of 

ETSCare hampered because the solar energy could not reach to evacuated tube due to snow 

formation. Hence, we need to remove snow every morning, which is tedious work.Fragility 

two layers of annealed borosilicate glass are used to construct evacuated tubes, and annealed 

glass is far more fragile than tempered glass. Glass tubes are easily fractured due to their 

fragility and can be destroyed by small hail, jostling, or bad handling. As a result, particular 

caution must be exercised when transporting or handling evacuated tubes69. 

Economic considerations of the usage of ETSC: Evacuated tube solar collectors (ETSCs 

have been commercially available for over 20 years. The evacuated tube solar water heater 

market has recently witnessed a considerable expansion in China, Europe, Japan, and India 

due to the fast-growing industries of ETSCs. This study attempted to identify the economic 

advantages of ETSCs over other solar collectors by examining the original manufacturing and 

installation costs, operating and maintenance costs, and the payback period. According to 

data from AEE INTEC on cost analysis of various solar thermal collectors and comparisons 

based on specific cost per meter square (m2 and gross area in m2, ETSCs have a lower 

specific cost per m2 and a higher gross area than FPC, an air collector, and a parabolic trough 

collectors70. According to an economic analysis of roof-integrated concrete solar collectors, 

evacuated tube collectors have a short payback period, which means that the investment cost 

can be repaid quickly. Evacuated tubes provide environmental benefits by reducing 

greenhouse gas emissions and air pollution71. The evacuated tube that has been used in 

ETSCs is the best choice in terms of the minor effects caused during their manufacture. 

However, from a financial standpoint, it is evident that a more significant expenditure is 

required to obtain the evacuated tube collectors system. Still, the operation and maintenance 

cost is comparatively significantly less72. As a result, an ETSC is more cost-effective and 

affordable in the long run than other solar collectors. Recent large-scale production and 

deployment of evacuated tubes have demonstrated that this technology is mature, with a 

three-year payback period without subsidies68. 

Discussion: Following a review of ETSC's significant developments based on several points 

of debate, such as its geometric layout, use of different kinds of the working fluid, Nanofluid, 

adjustment of operating parameters, use of reflectors, and so on, ETSCs is an example of one 
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of the ideal types of solar collectors which can be operated on medium temperature levels 

because of shallow thermal losses and since between two concentric glass tube vacuum 

minimize in conduction and convection losses, but radiation losses exist. Selective coatings 

that increase absorbance while minimizing emittance can reduce radiation losses. Stationary 

evacuated tube solar collectors have a temperature range of 50–200 °C, while stationary flat 

plate solar collectors have 30–80 °C73. The main goal of this review is to show the key 

aspects that can improve the efficiency of evacuated tube solar collectors. If the convective 

heat transfer coefficient between the absorber tube and the working fluid is higher, the 

efficiency of the evacuated tube solar collectors will be higher. Using an effective heat 

exchanger, ETSCs can be improved by using high thermal conductivity working fluid and 

nanofluids. The overall performance of ETSCs refers to their efficiency and efficacy, 

determined by some parameters such as the collector's design, the optical properties of the 

absorber tube, and the working fluid inside the tube. 

The previous work done on ETSCs nanofluid is well explained with the help of the table. 2 in 

which the complete detailed information of Nanofluid with outcomes is explained74. 

MWCNT, Al2O3, CuO, SiO2, and TiO2 nanoparticles, as well as a mixture of propylene 

glycol and water as the base fluid, resulted in a 10.5 percent better efficiency, or 66 percent 

when 0.2 volume percent of MWCNT nanofluid was used. The effect on the thermophysical 

properties of different nanofluids with varying particle sizes, nanoparticle mass fraction, tube 

dimensions, and circulation rate can improve ETSC efficiency. 

Cu–water has the highest thermal recovery efficiency of all the nanofluids75.CuO mass 

concentration significantly impacts heat transport, with a value of 1.2 percent corresponding 

to the best results. Most refrigerants, as the working fluid of ETSCs, also give excellent 

results. Moreover, Yurddaş.74 found 76% efficiency experimentally using R-134a in a 

circular design of ETSC. Efficiency can be increased using nano-coatings of high-absorbance 

materials on the absorber tube. The performance of heat pipe ETC is higher than direct flow 

ETSC76. A concentric tube inside the absorber tube with phase change material can be 

investigated experimentally and numerically. More specifically, Chopra et al.77 used SA-67 as 

PCM and found a thermal efficiency of up to 87.8%.  

Nomenclature & Abbreviation 

ETSCs  evacuated tube Solar Collectors 

PV  photovoltaic 

FPC  flat plate collectors 

COP  coefficient of performance 

PV/T  photovoltaic thermal 

HVAC  heating,ventilation & Air conditioning 

ETHPSC evacuated tube heat pipe solar collectors 
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THPETSC thermosyphon heat pipe evacuated solar tube solarcollectors 

WGETSC water in glass evacuated tube solar collectors 

UPETSC U pipe evacuated tube solar collectors 

NCL  natural circulation loop 

IMD  India meteorological department 

PCM ` phase change material 
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CHAPTER-4.3 

Advanced Energy Management Strategies for HVAC Systems in Smart 

Buildings 

Saifullah Zaphar1, Dr. Bharat VPS Rawat 2  
1,2Associate Professor, Department of Mechanical Engineering, JBIT, Dehradun, Uttarakhand, 

Abstract- Due to the rising worldwide energy demand and the significant portion of energy that is now 

utilized by buildings, there has been an increase in interest in the effectiveness of energy management 

systems in addressing energy consumption in buildings in recent years. Because of the size of this 

industry, research is being done with the aim of identifying prospective improvement paths and making 

them a reality with the aid of recent technical advancements that could be used to reduce the energetic 

footprint of buildings. The examination of how resource-efficient these systems truly are when trusted 

with ensuring occupant comfort design is made possible by the availability of vast volumes of historical 

data in building management software packages, namely in the field of heating, ventilating, and air 

conditioning installations. 

Keywords: Energy Management, Energy Consumption, comfort design, Heating Ventilating and air 

conditioning. 

1. INTRODUCTION 

This chapter introduces the research topic focusing on the research problem that defines the 

scope of the thesis, the formulation of the thesis hypotheses and finally the objectives and 

methodology to accomplish them during the development of this thesis. The manner in which 

we deal with power consumption has changed in recent years. This change has mainly been 

driven by the continued increase in energy demand, the difficulties associated with remaining 

competitive as the marketplace becomes global and the threat of instability in securing energy 

sources [1]. The efficiency of energy processes has been identified as a growing concern at 

the full range of the power spectrum, encompassing very large power consumers such as 

factories, medium power consumers such as buildings in the tertiary sector, or even the 

smaller consumers such as households. Consequently, global efforts are underway directed at 

raising awareness of the urgency to enable new developments and promoting further research 

in the field of energy efficiency to tackle current but also upcoming challenges. This is 

reflected by the weight of related topics in Europe’s main research and innovation programs, 

which contains initiatives like the Horizon 2020 Programme [2]. Being the largest research 

and innovation program that the European Union has ever conducted, the Horizon 2020 

Programme operates with a budget of approximately 80 billion euros in available funding to 

be allocated between 2014 and 2020 for different topics. Approximately 7.5% of the 

available funding is directed towards the Secure, Clean and Efficient Energy research and 

innovation track, while 4% is directed towards the Climate Actions, Environment and 

Resource Efficiency track. Both this resource allocation and the proclaimed aim of the 

Energy Efficiency track of the Programme of reducing the primary energy consumption by 

20% by 2020, showcases the commitment of the European Union to this goal [3]. The 

considered avenues for action include the realization of transformational changes at all the 
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stages of the energy consumption chain, from generation to transformation and distribution, 

but having a special focus on the final stage of the energy chain. 

2. METHODOLOGY 

State of the art in HVAC energy management This chapter outlines the main types of 

solutions being currently employed on modern buildings or actively being researched for 

further improving the energy efficiency of HVAC systems in buildings while ensuring 

occupant comfort.  

Building Energy Management Systems 

In the future, intelligent building energy management systems will likely seek to increase:  

• Cost savings on energy 

• Energy efficiency  

• Flexibility in power generation 

• Reductions in carbon dioxide emissions 

• Stability in energy provision 

• Human health and safety 

On a large scale, this means that building energy management systems will likely control 

sections of cities through microgrids that utilize renewable energy generated onsite or nearby 

while also integrating innovative materials that help conserve energy.  

However, not all energy management will happen on such a scale. Instead, reducing energy 

use will rely on deploying smart technologies and strategies in individual buildings. This is 

where most building owners should concentrate their efforts. 

While analytics within an energy management system has multiple purposes, a key function 

involves managing energy usage. As analytics software and smart devices gather more data, 

this data becomes more detailed, allowing the software to examine and resolve increasingly 

complex problems. In a nutshell, the more data gathered on energy management, the more 

detailed the questions the energy management system can help answer. Energy management 

systems are going to expand beyond the metering and HVAC functions in traditional building 

systems. Environmental quality sensors will play a key role in this. Objective data about 

environmental conditions such as indoor air quality can guide the way you address health and 

safety issues while also helping you manage energy consumption. Occupancy sensors are 

already becoming a common way to regulate energy consumption based on how many people 

are using a space. An intelligent EMS can make real-time adjustments to building systems 

like HVAC and lighting in response to occupancy data. Active command and control of 

energy-consuming systems will become more important as businesses demand more flexible 

workspaces and consumer habits change. An intelligent EMS should allow you to control 

https://www.buildingsiot.com/it-managed-services
https://www.buildingsiot.com/blog/choosing-the-best-building-iot-devices-for-security-and-integration-bd
https://www.buildingsiot.com/built-space-healthy-buildings
https://www.buildingsiot.com/built-space-healthy-buildings
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building equipment more effectively and help reduce energy consumption during low traffic 

times while ensuring occupants have what they need when they need it. 

Obstacles to Managing Energy in Intelligent Buildings 

Three of the biggest obstacles for intelligent building energy management systems and how 

to overcome them include: 

1. EMSs need to provide a certain degree of comfort to building occupants, as every person 

has a different idea about what a comfortable environment feels like. Creating a 

comfortable environment and increasing energy efficiency are often seen as conflicting 

goals, especially in commercial high-rise buildings. With the right EMS, though, building 

operators can implement strategies that help them achieve both priorities at the same time. 

2. Intelligent building management systems are ideal for identifying systems and equipment 

that require preventive maintenance. However, without service contracts in place that can 

address small but necessary repairs, these can easily turn into much bigger problems. 

Some EMS providers offer their own service contracts connected directly with their 

software, so placing work requests and tracking resolutions can all be done from the same 

BMS you’re using every day. 

3. Competing interests between building owners and tenants, or even between different 

tenants, can make energy management more difficult. Generally, those paying the utility 

bills will seek energy-efficient solutions that lower costs while occupant businesses 

prioritize the comfort of employees and clients. The visibility you get from a 

comprehensive BMS with advanced energy management capabilities makes it easier to 

manage these competing priorities and even work toward making everyone happy at the 

same time. Understanding these obstacles and how to work around them will help 

stakeholders create better strategies for reducing energy use. 

High Efficiency HVAC Equipment: Depending on your region, replacing heating and cooling 

equipment with higher efficiency equipment can reduce energy use by 50% for electric heating and 

cooling systems and 10% for gas furnace heating systems (U.S. Department of Energy see Compass 

guide).  See the resources below for guidance on selecting and installing high performing equipment 

and designing effective energy efficiency programs around HVAC.  

ENERGY STAR Certified Heating and Cooling Equipment: ENERGY STAR certified 

heating and cooling equipment, when properly installed, can yield annual energy bill savings of 

10-30%.  These products are independently certified to save energy without sacrificing features 

or functionality.  Certified heating and cooling products include room air conditioners, central 

air conditioners, ductless heating and cooling, air-source heat pumps, furnaces, geothermal heat 

pumps, boilers, ventilation fans, smart thermostats, commercial boilers, and light commercial 

heating and cooling.  Consider prioritizing ENERGY STAR certified heating and cooling 

equipment for higher energy savings. 

https://www.buildingsiot.com/blog/building-energy-consumption-breakdown-for-owners-and-management-bd
https://www.buildingsiot.com/blog/how-to-perform-a-thermal-comfort-analysis-bd
https://www.buildingsiot.com/blog/how-to-perform-a-thermal-comfort-analysis-bd
https://www.buildingsiot.com/blog/key-benefits-of-a-bms-building-management-system-and-how-analytics-help-optimize-them-for-contractors-bd
https://www.buildingsiot.com/blog/using-your-building-management-system-to-achieve-energy-efficiency-bd
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Consortium for Energy Efficiency (CEE) Multitier Performance Specifications: The 

Consortium for Energy Efficiency’s (CEE) multitier performance specifications are part of a 

broader effort to identify and encourage the purchase, installation, and maintenance of energy 

efficient residential central air conditioners, air source heat pumps, furnaces, and boilers. In 

order to achieve high in-field efficiency, realize savings, and overcome market barriers, CEE 

outlines three major elements: common efficiency specifications (multitier performance 

specifications), a quality installation specification, and promotion of quality maintenance. 

Efficiency programs can promote CEE multitier performance specifications to build demand 

for higher efficiency among consumers and to encourage manufacturers to design products to 

meet that demand. 

Air-Source Heat Pumps in Cold Climates: The use of air-source heat pumps (ASHP) in cold 

climates has grown significantly in recent years; however, traditional sizing, selection and 

installation practices are not always well-suited to cold climates and have led to system 

inefficiencies and underperformance.  To address this challenge, with support from DOE’s 

Home Improvement Catalyst (HI Cat) Initiative, the Northeast Energy Efficiency Partnerships 

(NEEP) prepared two new resources: the Guide to Sizing & Selecting ASHPs in Cold Climates 

and the Guide to Installing ASHPs in Cold Climates.  These guides provide clear guidance for 

ASHP installers to help ensure overall system performance and customer satisfaction. 

ENERGY STAR Guidance on Duct Sealing: The ENERGY STAR Program offers technical 

and homeowner guidance to support duct sealing and repair. Up to 20% of conditioned air is 

lost while moving through a home’s duct system because of air leakage, holes in ducts, and 

unconnected ducts.  Sealed ductwork can reduce that loss and direct conditioned air to where it 

is needed. 

High Performance HVAC Installation: Heating and cooling systems that are installed 

without verification of performance can result in as much as 30% higher energy use. The 

U.S. Department of Energy’s Home Improvement Catalyst (HI Cat) Initiative is developing 

tools to support trades and program administrators in applying high performing HVAC 

installation practices. 

HVAC Installation Practices: A Review of Research Findings: This systematic literature 

review documents and summarizes findings from available literature, research, and studies on 

better quantifying the benefits of improving current installation practices for the residential 

retrofit HVAC market. 

Emerging Innovations in HVAC: The U.S. Department of Energy’s Building Energy 

Research and Development program is working on new air conditioning technologies to 

significantly reduce energy use. Learn more about these 5 projects underway: 

• Optimized Thermal Systems in Maryland is developing an advanced heat exchanger that 

minimizes joints by 90% compared to current models in order to reduce refrigerant 

https://rpsc.energy.gov/sites/default/files/tech-solutions/attachments/Res_HVAC_Installation_June_2018.pdf
https://rpsc.energy.gov/sites/default/files/tech-solutions/attachments/Res_HVAC_Installation_June_2018.pdf
https://energy.gov/eere/buildings/listings/heating-ventilation-and-air-conditioning-projects
https://energy.gov/eere/buildings/listings/heating-ventilation-and-air-conditioning-projects
https://www.energy.gov/eere/buildings/downloads/advanced-serpentine-heat-exchangers-minimize-number-joints-and-leakage
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leakage. By minimizing the joints, the refrigerant stays where it should and does its job, 

working to keep homes cool and energy bills down. 

• The University of Florida is developing a prototype that combines a water heater, 

dehumidifier, and air cooler, which could result in more efficient heat transfer. This 

technology provides enhanced dehumidification control in residential buildings, resulting 

in better comfort and significant energy savings. 

• Dais Analytics in Florida, in partnership with Oak Ridge National Laboratory (ORNL), is 

developing a new membrane-based rooftop air conditioner, which would use water as a 

refrigerant instead of conventional chemicals. Not only is this technology well-aligned for 

sweltering, humid summer nights, but it could also save 30-50% in electrical consumption 

compared to today’s roof top units. 

• United Technologies Research Center in Connecticut is exploring electrocaloric, solid-

state technology to develop a heat pump that will keep a space cool without using any 

chemical refrigerants. This technology is ideal for residential and small commercial 

buildings. It’s small and quiet, and could result in 25% system efficiency improvement. 

With fewer mechanical parts, overall reliability could be improved—reducing the chances 

of air conditioning going out in the midst of a heat wave! 

• Oak Ridge National Laboratory in Tennessee, in partnership with Georgia Tech and 

IntelliChoice Energy, is developing an energy storage system that integrates with HVAC 

units to reduce the overall energy requirements of air conditioning systems by utilizing 

waste heat that would otherwise be lost in traditional systems. Integrating ground-level 

diverse energy storage with HVAC could reach overall energy storage efficiency of 70% 

and improve HVAC performance by 35%. 

CONCLUSIONS  

In this paper, the application of different control algorithms was analyzed and discussed, in 

many different control perspectives. In fact, two main control categories have been 

investigated: classic (adaptive and rule-based control) and advanced (linear and nonlinear 

MPC). Several different applications of those control algorithms in smart grid and building 

levels were reviewed. The investigated studies show how to use different types of predictive 

control algorithms to optimize the flow of energy among different types of storages and 

users, while still preserving the demand, in particular in smart building applications. In this 

regard, the advantages and disadvantages of linear and nonlinear MPC algorithms were 

discussed. The studied application scenarios proved that, although a simple classic control 

(such as PID controllers) can be used for temperature control in buildings, more advanced 

algorithms. 
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ABSTRACT- About 35% of all energy usage is accounted for by the construction industry. 

Realizing the situation, it is now necessary to implement a sustainable green building design method, 

which is the best way to lower the building's energy requirements. Overuse of traditional building 

materials has an impact on natural resources in addition to contributing to global warming. In 

comparison to traditionally constructed buildings, green or sustainable structures use vital resources 

like electricity, water, materials, and land more effectively. For both newly built and existing buildings, 

research has been conducted to evaluate their potential and ability to save energy. The paper discusses 

numerous energy-saving ideas that can be used to increase building energy efficiency while keeping 

costs in mind during the planning, designing, building, and implementation stages. Incorporating 

different energy-saving criteria, some green buildings have been conceptualized and modelled using 

the Autodesk Revit programme. In order to determine the energy efficiency of these structures and to 

determine the best course of action, Autodesk Green Building Studio is used. 

Keywords: Green Buildings, LEED-India, Autodesk Revit, Autodesk Green Building Studio. 

INTRODUCTION 

The building sector has recently placed a greater emphasis on sustainability. Buildings are 

now being built more sustainably and efficiently by consuming less energy and spending less 

on maintenance and upkeep. Preserving the structure. A green building is the result of a 

design philosophy that emphasizes improving resource use efficiency, including the use of 

energy, water, and materials, while reducing the impact on human health and the environment 

during the building's lifecycle. 

 

Figure 1: Green Building Design Concept. 

Many developers use environmentally friendly innovative technologies like energy-efficient 

materials, smart devices, energy-efficient doors and windows, solar water heating and 

generating power, rain water harvesting, and more throughout the country. However, more 
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and more builders and developers are now choosing to work on projects that support an eco-

friendly way of life. 

Energy Efficient Construction 

Necessity of Energy Efficient Construction 

The increasing power usage in the real estate sector is accelerating the need for energy 

efficient building. Today's construction and use of buildings results in excessive energy 

consumption for lighting and heating/cooling. The building sector has a potential for energy 

savings of between 30 and 40%, which will not only ease the strain on the power sector to 

satisfy demand but also assist residents in lowering their energy costs (ECBC, 2007). 

 

Source: Journal of Indian Building Congress, 2010 

Figure 2: Percentage of energy Consumption by various components of building. 

LEED- India 

A nationally and internationally recognised standard for the design, constructing, and 

operation of high-performance green buildings is the leadership in energy and environmental 

design (LEED-INDIA) Green constructing rating system. By recognising achievement in the 

following five essential areas: Sustainable site development, Water Savings, Energy 

efficiency, Materials selection, and Indoor environment quality, LEED-INDIA encourages a 

total building approach to sustainability. 

Numerous Energy Saving Ideas 

• Site Selection – Although choosing a site is typically oriented on cost, a bad choice may 

exclude a number of sustainable aspects. A high-performance building can be differentiated 

from a conventional one by maximizing the site's potential. 

• Orientation – The right orientation promotes day lighting and passive solar gain. South-

facing windows receive the most sunlight in the northern hemisphere. Because of the low 

angle of the setting, windows facing west need to be carefully built to prevent overheating. 

• Walls and Roof – A major factor in determining how much energy is needed to heat and 

cool a structure is its envelope. The difficulty lies in minimizing conductive heat loss/gain 
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while minimizing uncontrolled air flow into the building while constructing the foundation, 

walls, and roofs. 

• Energy Efficient Appliances – Using eco-friendly and energy-efficient appliances lowers 

utility costs. Always look for the BEE star rating when buying new electrical items. More 

stars denote greater effectiveness. The savings and the comfort of the occupants will more 

than make up for the slight initial installation cost increase. 

 

Figure 3: Green Building Site. 

• Heating, Air-Conditioning, and Ventilation - By lowering the structure's heat load, a 

smaller heating and cooling system can be installed. A crucial factor in green building, 

high-quality ventilation systems are frequently disregarded during the design stage. 

• Waste minimization – Green design also aims to minimise material, water, and energy 

waste during building. Reduce the amount of waste going to landfills as one objective. By 

providing on-site solutions like compost bins to lessen the amount of garbage going to 

landfills, well-designed buildings also assist in reducing the quantity of waste generated 

by inhabitants. 

Financial Efficiency 

A green building is more expensive than a traditional construction by 3-8%. But through 

maintenance cost savings, the expense is recouped in two to three years. The total cost of 

ownership of a green building is invariably lower than that of a conventional building due to 

the significant reduction in operational expenditures. ECBC's recommendations for lightning, 

efficient systems, and envelopes account for the greatest cost increase. There won't be any 

further charges once ECBC is required. Additionally, according to an analysis (Source: 



INTEGRATED SOLUTION: SEM 2023  ISBN: 978-81-961781-0-9 

232 

TERI-GRIHA), the Life Cycle Cost of energy-efficient buildings is lower than that of 

conventional buildings. 

Energy Modelling for Building Performance 

Plans, elevations, sections, and other two-dimensional drawings were frequently used in 

traditional building design. Building information modelling goes beyond 3D by adding time 

as a fourth dimension and cost as a fifth to the three main spatial dimensions of width, height, 

and depth. As a result, BIM goes beyond geometry. Additionally, it contains geographic 

information, spatial correlations, light analysis, and the amounts and characteristics of 

construction materials. 

Designed exclusively for Building Information Modelling (BIM), Autodesk Revit® software 

enables design and construction professionals to take ideas from conception to completion 

using a coordinated and model-based methodology. Revit is a single programme that offers 

capabilities for structural and MEP engineering, architectural design, and building work. It 

enables 3D modelling of a structure's parts and annotating them. 

Construction of an analytical energy model  

Model development for energy simulation. It can generate power. Analytical models can be 

created manually using conceptual massing or immediately from architectural building 

elements and room/space elements to fit varied design stage needs, workflows and precision 

preferences. 

Whole building Energy Analysis 

The use of conceptual energy analysis tools improves the sustainability of every design. It 

may be beneficial to show analytical results in a highly visual style for straightforward 

comparison and interpretation. Additionally, the tools can be utilised directly within the 

Autodesk Revit Architecture software to analyse the energy usage and lifecycle costs of 

design alternatives. 

Run building performance simulations to maximise energy efficiency and move towards 

carbon neutrality earlier in the design phase using Autodesk® Green Building Studio, a 

configurable cloud-based tool. Web services offered by Autodesk Green Building Studio 

include: Peak electric energy demand (kW), annual energy consumption (electric and gas), 

lifecycle energy consumption (electric and gas), on-site energy generation from solar and 

wind systems, and lifecycle energy expenses (30 years). 

Conclusion 

One of the main economic activity in India is the construction industry. As the business 

expands quickly, protecting the environment brings many difficulties as well as opportunities 

for many people working in it. The design and maintenance of a healthy, resource-efficient 

constructed environment based on ecological principles is known as sustainable construction. 

It places a strong emphasis on waste minimization, environmental conservation, and resource 
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efficiency. One of the easiest, quickest, most affordable, and cleanest methods to address 

energy and environmental concerns is through energy efficiency. Energy consumption can be 

significantly decreased by including easy energy-saving measures in buildings. The necessary 

knowledge and technology are available to design energy-efficient and environmentally 

friendly buildings, but obstacles in behavior, organizations, and finances still need to be 

removed. 
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Abstract- Spilling of gas is the serious issue with modern area, homegrown regions and 

vehicles run by CNG gas. Because of spillage of LPG gas, it produces unsafe and poisonous 

effect for living things. LPG and petroleum gas is exceptionally flammable and can consume 

even at some separation from the wellspring of outpouring. One of the preventive measures to 

stop the blast and risk is to introduce the spillage discovery unit. The principal point of this 

paper is to introduce the identification of spillage, alert the risk to individuals and kill the gas 

to keep from blast. The gas will be distinguished by utilizing MQ6 gas sensor. It will promptly 

turn on the LEDs, bell and LCD shows message to alarm the greatest number individuals. 

The framework incorporates a GSM module which makes the proprietor to tell the risk. It will 

likewise turn on the programmed opening of the window and fumes fan to send the gas out 

and kill the fixation. These frameworks are constrained by Arduino stage. 

INTRODUCTION 

Gaseous petrol has been the most fundamental need non-sustainable assets. Humanity is 

over-taking advantage of this asset in basic sums. Parts of propane, butane, propylene, 

butylene, isobutane and combination of hydrocarbon gases consolidate to shape LPG gas 

which is exceptionally inflammable. LPG gas is scentless by its property which expanding 

the gamble by not being identified with regards to smell. A serious issue because of gas spill 

is impacts blasts and mishaps. It has various modern and homegrown utilizations since past 

many years, in the event that a hole happens and assuming that gas meets a little wellspring 

of start, enormous harm can take place. Gas spillage security structure becomes extremely 

valuable and beneficial to protect from additional gas release hardships. Security assumes a 

significant part in today’s world and essential could wellbeing frameworks are to be 

executed. 

LPG Gas leakage detection using Arduino 

In the world of LPG gas users, the gas leakage problems and accidents are increasing 

drastically. Whenever the spillage of LPG gas occurs, the gas sensor is used to detect the 

leakage of gas. The Arduino will alert the buzzer, LEDs, LCD display. It sends the SMS alert 

through GSM module. 

Proposed System 

In the proposed system of “LPG Gas Leakage Detection using Arduino” will be great help in 

preventing explosions and blasts. Apart from sound alarm and SMS alert it will also turn on 

exhaust fan and automatic opening of window by the mechanical force using servo motor. 
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This helps to remove the leaked gas in room, which is used in case of nobody is present when 

the leakage occurs and to prevent accidents and property. 

Block diagram 

Fig:1 Block diagram of Proposed System 

The way this instrument works is when gas is detected by gas sensor as indicated by the LPG 

gas level it distinguishes. The higher the LPG gas is distinguished, the higher the voltage 

delivered. At the point when the sensor yield is moved the presence of gas, then Arduino will 

endlessly enact the bell and show the composition on the LCD expressing the gas is high, and 

that implies there has been a gas release, then, at that point, the GSM SIM800L module will 

send notification message to the hand phone number determined in the program. 

Nonetheless, on the off chance that the sensor doesn't distinguish a release, the sensor won't 

eliminate the result, and the sensor will keep on working until it is demonstrated that there is 

a LPG gas spill. At the point when the program is run the framework will promptly recognize 

LPG gas identified by the sensor. Then, at that point, the Arduino microcontroller will peruse 

LPG gas through a LPG gas sensor. In the event that it recognizes a gas release, the red 

Drove will illuminate, the bell will enact, the window will open naturally by usage of servo 

engine, and furthermore running of fumes fan to kill the spillage, then, at that point, the 

framework will send a notice message expressing that there has been a LPG gas spill. In the 

wake of tackling the issue of location, the green Drove will sparkle, which shows there could 

be no further difficulty. Assuming that no LPG gas spill is identified, the framework will 

keep on recognizing the gas level through the LPG gas sensor until it distinguishes a LPG gas 

spill. 

HARDWARE DESCRIPTION 

Arduino Uno 

The Uno with Link is a miniature regulator board base on the ATmega328. It has 14 

computerized input/yield pins (of which 6 can be utilized as PWM yields); 6-simple data 

sources, a 16 MHz fired resonator, a USB association, a power jack, an ICSP header, and a 

reset button. It contains everything need to help the microcontroller; essentially interface it to 

a PC with a USB link or power it with an air conditioner to-DC connector or battery to begin. 
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"Uno" signifies one in Italian and is the name to check the impending arrival of Arduino 1.0. 

The Uno and adaptation 1.0 will be the reference forms of Arduino, pushing ahead. The Uno 

is the most recent in a progression of USB Arduino sheets and the reference model for the 

Arduino stage; for an examination with past renditions, see the list of Arduino sheets. Note: 

The Uno R3 reference configuration can utilize an Atmega8,168, or 328, Current models 

utilize an Atmega328, yet an Atmega8 is displayed in the schematic for reference. The pin 

design is in distinguishable on every one of the three processors. 

 

Fig:2 Arduino Uno 

MQ Sensor 

The MQ-6 sensor is fit for recognizing a great many gases including carbon monoxide, 

liquor, methane, hydrogen, isobutene, condensed oil gas, propane, and smoke in the scope of 

200-10,000 ppm. For the simple communicating, the MQ-6 sensor Module is furnished with 

4 male headers so it very well may be effectively connected with the Arduino Uno or Super 

utilizing male to female kind jumper wires. MQ-6 SENSOR PINOUT. As you can see the 4 

male header pins are marked with A0, D0, GND and Vcc. 

 

Fig:3 MQ Sensor 

GSM Module 

SIM800L GSM module is utilized to send SMS cautioning on gas recognition. GSM is 

implied as a gadget utilized for trading the data. SIM card is recuperated from the GSM to 

control the remote hub 5 volts of the DC supply is expected by the GSM for working. The 

modem needs just three association (transmitter, collector, ground) to communicate with 
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Arduino regulator Atmega-328 the abundance power supply is utilized. Arduino 

microcontroller is connected with the collector pin to the gadget. The Arduino give data to 

the GSM gadget. The GSM will send a result to through the SIM embedded into its SIM 

opening to number composed into the code to alarm about the spillage of the LPG gas or 

different gas detected by the sensor. 

 

Fig:4 SIM800L GSM Module 

Buzzer 

The signal will be utilized to produce sounds to caution clients during spillage. A bell or 

beeper is a flagging gadget normally hardware, that is most regularly comprises of various 

switches or sensors associated with a control unit that decides whether and which button was 

pushed or a pre-set time has passed, and as a rule enlightens a light on the fitting button or 

control board, and sounds an admonition as a persistent or discontinuous humming or blaring 

sound. At first this gadget depended on an electromechanical framework which was 

indistinguishable from an electric chime without the metal gong. 

 

Fig:5 Buzzer 

LCD (Liquid Crystal Display) 

LCD is utilized for showing the message demonstrating that "gas identified at zone" into the 

presentation, which is at first coded in program to show the peril. The message been shown 

on the LCD, information and order both are register of LCD and it's displayed in fig.5. The 

register chooses is utilized to adjust the registers. Information register RS=1, while for the 

order register RS=0 is utilized.  
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Fig:6 LCD display 

Exhaust Fan 

The exhaust fan gets operated when the gas sensor detects the gas. It is used to send the 

leaked gas of some part out of the room. Hence, it is helpful in preventing from further 

explosion. 

 

Fig:7 Exhaust Fan 

Servo Motor 

A servo engine is a sort of engine that can turn with extraordinary accuracy. Typically this 

kind of engine comprises of a control circuit that gives criticism on the ongoing place of the 

engine shaft, this input permits the servo engines to pivot with extraordinary accuracy. To 

turn an item at a few explicit points or distance, then you utilize a servo engine. It is 

comprised of a basic engine which goes through a servo component. On the off chance that 

engine is controlled by a DC power supply, it is called DC servo engine, and on the off 

chance that it is AC-fueled engine, it is called AC servo motor. A servo engine for the most 

part accompanies a stuff plan that permits us to get an exceptionally high force servo engine 

in little and lightweight bundles. Because of these highlights, they are being utilized in 

numerous applications like toy vehicle, RC helicopters and planes, advanced mechanics, and 

so on. 
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Fig:8 Servo Motor 

RELAY 

A relay is an electrically operated switch. It consists of a set of input terminals for a 

single or multiple control signals, and a set of operating contact terminals. The switch may 

have any number of contacts in multiple contact forms, such as make contacts in multiple 

contact forms, such as make contacts, break contacts, or combination. 

 

Fig:9 1-Channel Relay 

RESULT 

The device was tested placing the LPG device at leaked area. We obtained the results as 

expected since the system was built as expected according to plan. After gas is sensed the red 

LED glows, buzzer sounds, LCD displays message, GSM sends notification to users then 

exhaust fan runs and opens the window to neutralize. After there is no gas leak, every 

components stops a triggering and green LED glows indicating no threat. 

CONCLUSION 

Subsequent to going through this task overview, it can presume that recognition of the LPG 

gas spillage is unbelievable in the venture framework. Also, it is important to give the gas 

spillage assurance framework for different applications like modern and homegrown clients 

in day to day existence. In peril circumstances we can save the life by utilizing this 

framework. An alarm is demonstrated by the GSM module. A sensor hub detects gas like 

CO2, oxygen, propane. The assessed scope of transmission and utilization of force is 

acquired. The basic methods and Arduino UNO Miniature regulator region used to assemble 
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the sensor. 

In future, this gadget can be contacted different areas and has adequate conceivable outcomes 

to stick out. The sensor can be used to be known about more unique assortment of gas 

spillage. When told they can battle the issue and prevent any further mishaps from occurring. 

This might yield productive outcome in handling such Furthermore we additionally anticipate 

making it versatile, with the goal that the clients can convey it anyplace and utilize this 

gadget. By utilizing a high level GSM innovation or Raspberry PI, we intend to implant the 

close by area of the fire administration naturally into the framework through the Web any 

place it is taken by the client. With the goal that the gadget after identifying the new area can 

naturally match up the subtleties of the nearby specialists into it which might be in general 

more successful; ideally, mishaps anyplace can undoubtedly be halted through this gadget 

now. Taking into account every one of the possibilities, we can bring this gadget besides into 

the poultry ranches as our gadget is intended to battle gas spillage in for the most part shut 

places. 
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ABSTRACT-A shortcoming finding structure in light of outrageous learning machine (ELM) and 

AdaBoost.SAMME is proposed in a thermal energy station (NPP) in this paper. After briefly depicting 

the standards of ELM and AdaBoost.SAMME calculation, the shortcoming determination structure sets 

ELM calculation as the frail classifier and afterward coordinates a few feeble classifiers into a solid 

one utilizing the AdaBoost.SAMME calculation. Besides, a few trials are advanced for the setting of 

two calculations. The after-effects of simulation investigates the HPR1000 test system show that the 

joined strategy has higher accuracy and quicker speed by working on the presentation of feeble 

classifiers contrasted with the BP brain organization and confirm the achievability and legitimacy of 

the group learning technique for shortcoming finding. In the mean time, the outcomes likewise 

demonstrate that the proposed technique can meet the necessities of a constant determination of the 

thermal energy station. 

INTRODUCTION- 

Designs of the thermal energy station (NPP) are confounded, which have potential radiation 

impediment. Subsequently, the prerequisites for their security and unwavering quality are 

very severe. One specialized method for giving activity supports to the administrators is 

shortcoming determination innovation, and its application in NPP can help administrators to 

find and distinguish blames ideal and precisely. It is additionally a compelling technique for 

forestalling and decreasing human element blunders. Issue determination innovation has 

significant importance in working on the protected activity of NPP [1]. 

With the wide use of advanced instruments and control frameworks in NPP, the issue 

analysis strategies in light of information driving have gotten broad examination. In the 

writing, a great deal of shortcoming finding techniques have been proposed; for instance, 

Wang Hang applied the help vector machine (SVM) and further developed molecule swarm 

enhancement (PSO) to perform further conclusion in NPP based on subjective thinking by 

information based primer determination and test information given by a web-based 

reenactment model [2]. Sinuhe embraced a period slacked feed-forward brain network in the 

examination of the complete quick blockage of a get together in the center of a sodium-

cooled quick reactor [3]. Head part examination (PCA) is applied for shortcoming location of 

sensors in a thermal energy station by Li et al. [4]. Qiu Pinda tended to a plan for working on 

the exactness of shortcoming conclusion by melding the scanty coding issue finding results 

with the master framework [5]. Shyamapada Mandal tended to a methodology for little/minor 

shortcoming location of thermocouple sensors in a thermal energy station utilizing time series 

examination techniques [6]. He proposed one more technique in light of the emblematic 

unique channel (SDF); the proposed strategy is likewise ready to identify and order the minor 
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as well as significant sign deficiencies in the thermocouple signal [6]. 

To deal with the perplexing sensor blunder recognition issue in NPPs, a LSTM network was 

applied with successes acquired by Choi and Lee [7]. The above techniques have made a few 

accomplishments in shortcoming conclusion of NPP, yet they have their downsides: brain 

network in view of slope dive strategy is inclined to get the nearby least with slow union and 

propensity to over fitting [8]; SVM needs scantiness, and with the rising example size, the 

quantity of help vector will in general increment with time spent in model preparation [9]. 

PCA is applied to blame recognition based on consistent circumstances, yet for the variable 

states of NPP, a solitary PCA model is challenging to apply in light of the fact that it might 

cause misdiagnosis and missed finding [10, 11]. Master frameworks require a lot of master 

experience which is frequently difficult to get [12]. SDF is basically a sort of time series 

examination technique, and the essential thought of SDF is utilizing transient connection of 

verifiable information to anticipate conduct; in this way, SDF has better exhibitions for solid 

time grouping information, however with restricted capacities for information with a great 

deal of nonlinear connection. LSTM is hard to decide boundaries, so it is challenging to be 

practice applied [13].  

Albeit a ton of techniques have been finished on issue determination in NPP, most 

applications center solely around the plan and streamlining of every strategy as well as the 

execution of every strategy on different frameworks or parts. That is, various calculations 

have various exhibitions, benefits, and detriments. Fulfilling every one of the necessities in 

NPP with a solitary algorithm can be truly troublesome.  

The most effective method to work on the exhibition of every calculation has turned into the 

exploration focal point of numerous researchers. Luckily, the development of troupe learning 

can give thoughts to taking care of those issues; however there is little examination on the 

shortcoming determination with a gathering learning calculation in NPP. The model that 

meets the preparation tests might not have a similar decent presentation in commonsense 

application, so the model will be presented to a specific measure of hazard while being yield. 

It is truly worth focusing on that the combination of numerous models can diminish this 

gamble. Troupe learning can join various powerless models to a decent solid model. With the 

expanding of the quantity of powerless models, the mistake pace of the incorporation 

diminishes dramatically and at last goes to zero [14, 15]. Furthermore, gathering learning can 

likewise incredibly work on the steadiness and speculation capacity of unique feeble models 

[16]. 

In this paper, as a delegate calculation of outfit learning, the AdaBoost calculation joined 

with the SAMME calculation (with sage wise added substance demonstrating utilizing a 

multiclass remarkable misfortune capability) [17] is applied in shortcoming determination 

research in NPP, which choosing outrageous learning machine (ELM) as the frail classifier. 

The commitments of this paper are as per the following: 

(I) A shortcoming conclusion strategy in light of ELM-Ada-Boost.SAMME for the thermal 
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energy station is proposed. 

(ii) AdaBoost.SAMME is applied to work on the presentation of the ELM calculation. 

(iii) The clever piece of this work is to check the plausibility and legitimacy of the gathering 

learning strategy for shortcoming conclusion in this paper. The paper is coordinated as 

follows: in light of past exploration, advancement points of this paper are portrayed in Area 

1. Two distinct techniques are acquainted with incorporate into Segment 2. Segment 3 

layouts the issue conclusion structure in NPP with a gathering learning calculation. The 

precision and adequacy of the group learning calculation are assessed in the HPR1000 test 

system in Segment 4. Ends are given in the last segment. 

Plan of Issue Finding Technique for NPP In view of ELM-AdaBoost.SAMME: 

Trademark Boundary Determination for Shortcoming Analysis: Accepting HPR1000 NPP for 

instance, the examination and investigations depend on the HPR1000 test system. The normal 

deficiencies of NPP chose for exploratory confirmation are loss of coolant mishap (LOCA), 

steam generator tube crack (SGTR), fundamental steam pipe break in the control, and 

primary steam pipe burst external the regulation. These issues are common mishaps that 

might annihilate the honesty of NPP. On the off chance that any mishap happens, NPP would 

without a doubt be in a very risky state, and the administrators may scarcely pass judgment 

on the issue and take countermeasures rapidly. The outcomes would be incredible whenever 

misused. Through dissecting the explanations behind the mishaps occurred, 21 shortcoming 

side effects are chosen for and explained in the accompanying passage: The temperature 

inside the control; regulation sump level; pressurizer water level; no. 2 SG steam stream; 

coolant stream in circle 1; coolant stream in circle 3; no. 1 SG steam pressure; no. 3 SG steam 

pressure; temperature of the hot leg in circle 2; temperature of the cool leg in circle 1; 

temperature of the chilly leg in circle 3; tension inside the regulation; pressurizer pressure; 

no. 1 SG steam stream; no. 3 SG steam stream; coolant stream in circle 2; essential normal 

tension; no. 2 SG steam pressure; temperature of the hot leg in circle 1; temperature of the hot 

leg in circle 3; and temperature of the cool leg in circle 2. 

System for NPP Issue Finding In light of ELMAdaBoost. SAMME: The essence of 

shortcoming finding for NPP is a multi classification issue, a mix of ELM and 

AdaBoost.SAMME can settle the issue well. ELM comprises of three layers, the 21 

trademark boundaries presented by the prior words are picked as the example contributions of 

ELM. Because of countless information boundaries and preparing tests, the quantity of secret 

layers is 140 which is concluded by the recreation tests in the accompanying area. Four 

common flaws encoding are picked as the result of ELM. 

Calculation stream in light of the ELM-AdaBoost.SAMME is summed up in Figure 2. The 

left of the structure is the AdaBoost.SAMME calculation; close to it is the ELM calculation. 

During each pass in the know, the AdaBoost.SAMME calculation is called to produce a 

powerless classifier applying ELM calculation. Subsequent to preparing the classifier with 

the entire examples, blunders of the classifier are acquired and saved. The mistakes are 
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utilized to ascertain the weight values which will conclude the classifiers' portion in the last 

classifier and update tests' weight values. AdaBoost.SAMME calculation will stop naturally 

after the foreordained numbers are reached. Consolidating the entire classifiers, we can get 

the last result encoding as the aftereffect of issue analysis. 

Simulation Tests and Examination: In this part, the conclusion model is prepared and tried 

with exploratory information to check its capacity of shortcoming acknowledgment. In the 

mean time, to test the model presentation on each angle, BP brain network has been laid out 

for examination. 

Settings for ELM. A superior enactment capability for ELM will make a commitment to the 

more exact recognition of an issue that happened in NPP. Three enactment capabilities are 

picked. Sin capability's mistake rate has been reliably high inside the scope of 100 secret 

layers of ELM. Hardlim capability is a lot of something similar with the sigmoid, however 

the bend of the blunder pace of the sigmoid capability is steadier and with the littlest mistake 

rate which addresses the most elevated precision, comparative with different capabilities. In 

this manner, the sigmoid capability is chosen as the enactment capability for the ELM 

calculation. 

The quantity of secret neurons of the ELM calculation is significant to the presentation and 

precision of the organization, as well as limiting the preparation time. Toward the start of the 

preparation, the quantity of secret neurons is 10, and afterward it progressively increments to 

300 with a stage of 10. At long last, the mistake rate bends of the preparation tests and the 

test tests with the various quantities of secret neurons are displayed and the bend of preparing 

time is displayed. It very well may be seen that the blunder rate will in general diminish 

amazingly with the rising number of stowed away neurons, whether to the preparation bend 

or testing bend. In addition, the precision of preparing tests is roughly keeping at 90%, when 

the quantity of secret neurons arrives at 100. The preparation time increments marginally 

with the quantity of secret neurons and fundamentally keeps up with at 1.76 s. 

To check the helping impact of the ELM-Ada-Boost.SAMME technique, the accompanying 

simulation tries different things with the various quantities of powerless classifiers are 

completed. The three bends address exhibitions of ELM with the various quantities of secret 

layers: 140, 230, and 400. 140 is set as the quantity of secret layers for a powerless classifier, 

230 addresses a somewhat more grounded feeble classifier, and the most grounded frail 

classifier has 400 secret layers. The outcome shows that the ELM with 140 secret layers has 

the greatest leap with a 4.45% advancement of exactness rate. The most grounded powerless 

classifier has the least blunder rate all along; notwithstanding, it has insufficient space for 

higher precision as a result of taking up a lot of PC assets. Accordingly, to check calculations' 

legitimacy, there is compelling reason need to choose the model with the littlest mistake rate. 

In a word, to exhibit a more articulated impact, the quantity of secret neurons is chosen as 

140 with lower preparing exactness of 89.25% in this paper. 
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Figure 1 The system of shortcoming analysis in view of ELM-AdaBoost.SAMME. 

With the previous examination, we can presume that the ELM-AdaBoost.SAMME model can 

analyze the breakdown all the more rapidly and dependably. Consequently, the Ada-

Boost.SAMME calculation truly has some exactness upgrades for feeble classifiers. 

Simultaneously, it is demonstrated that the ELM-AdaBoost.SAMME model can likewise 

meet the constant prerequisite. 

Conclusion- 

In this paper, an ELM-AdaBoost.SAMME-based strategy is applied for shortcoming 

determination in NPP. The ELM-Ada-Boost.SAMME model chooses the ELM calculation as 

its frail classifiers and afterward applies the AdaBoost.SAMME calculation to coordinate 

powerless classifiers into a solid classifier. To gauge the shortcoming 

 

Figure 2 Comparison curves of an online test of the two models. 
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AdaBoost.SAMME is fabricated. Furthermore, the model incorporates into the HPR1000 test 

system for ongoing testing and a more precise reflection. Simulation results show that the 

model is portrayed by the quick and precise finding as well as ongoing prerequisite. 

In the mean time, the AdaBoost.SAMME calculation is additionally ended up being 

compelling in helping the feeble classifier. That is, the AdaBoost.SAMME calculation can be 

applied in the ELM calculation as well as in other conclusion calculations. 
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CHAPTER-5.1 

Installed Effective Use of Water-Resistant Materials in Currently 

Populated Structure 

Anil Kumar1, Dr. Sanjeev Gill2 
Assistant Professor, Department of Civil Engineering, JB Institute of Technology, Dehradun, India 
H.O.D, Department of Civil Engineering, JB Institute of Technology, Dehradun, India 

Abstract- A human-made structure consists of many parts, including plans, scaling, quality assurance, 

construction, and upkeep. These elements are used to underpin the wide range of advantages provided 

by human societies. Before demolishing the building, the degree of construction must be dealt with as it 

is both a major factor and an important responsibility that must be avoided. Building upkeep and 

preservation are heavily influenced by water problems, which are stealth killers. In the case of a 

basement floor made of stone or concrete, water can travel large distances thanks to capillary action. 

Depending on the density of the surrounding soil and the strength of the concrete, water can seep in 

through the ground at any point. Each building qualifies because, in addition to dealing with care 

issues, it also prioritizes the conservation of natural resources. Water plays a major role in the decay 

or damage that can be done to a structure. Because water is damaging, it is important to select 

materials that can withstand water and do so without being damaged. Waterproof materials typically 

fail well before the building they are installed in does. In this post, we'll talk about why and how to 

utilize waterproofing materials, as well as the different kinds of waterproofing materials available. 

Keywords- Capillary action, human society’s stone, concrete, waterproof materials 

INTRODUCTION 

Waterproofing prevents water from penetrating structures. It forms an impenetrable barrier on 

floors, ceilings, and walls of structures. Some buildings are designed to be completely 

impenetrable to water. Waterproofing the structure occurs in stages and layers to ensure that 

no water can penetrate the structure. It serves to prevent moisture buildup inside of structures. 

As an added bonus, it keeps the building safe. Deterioration brought on by contact with or 

exposure to water. The membranes and cracks in the building's exterior and inside work 

together to keep water out and save the building's contents. "Building Envelope" is a term 

used to describe the result of combining multiple such types. Hence, the performance of the 

structure was also evaluated based on the compatibility of the materials, their interaction, and 

the connection of the enclosed areas of the structures. Furthermore, precipitation and site 

flow have a significant influence in impeding this performance. Consequently, a 

waterproofing system can effectively guard against weather, seepages from the earth, and 

direct passage of water into the building. 

Most up-to-date methods of well water protection involve the use of dual-purpose structures. 

The process can readily carry out multiple tasks thanks to the use of different coatings with 

different chemical concentrations. Materials used in this procedure have the same energy-

saving impact. And that's not all:  
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Coatings on the exterior and floor walls, which reduce the flow of heat to the building and 

thus reduce the burden of improving indoor air quality and space atmosphere. Waterproofing 

systems can also be referred to as "building protection and renovation" or "renewable 

engineering", due to their versatility and value. Waterproofing is not only a big part of the 

building process but also preserves the dignity of the landscape. (Grading here means 

extensively identifying, controlling, and improving the area for proper construction). 

Therefore, the waterproofing system applies not only to the entire construction envelope, but 

also to certain parts of the building. 

The value of a watertight structure: To some extent, a structure is like a living organism in 

that it needs care and maintenance to function properly. Problems associated with water and 

dampness should also be avoided. The following are some typical forms of property damage 

brought on by water leaks in a structure. Various wall attachments, such as sills, extensions, 

brickwork joints, etc., can be used to create entry points for water. For a second, there's the 

problem of groundwater seeping into the basement. Third, an under floor or wall pipe 

explosion. 

And finally, the capillaries are sticking out of the bricks, mortar, and support beams. 

How can you tell if a building has a problem with its water proofing, and when it does, 

Make sure we have a waterproofing problem if there are any obvious symptoms in the 

structure. 

• The walls are drenched, and the floor is soaked. 

• Developing a fungal or bacterial growth The Telltale Symptoms of Decay 

• Water-Mixing 

• Water seepage through the roof. 

Any of these issues can ruin a building's appearance, interior, and even its foundation...One 

advantage of waterproofing is that it ensures the building remains dry and sturdy. Two, the 

humidity inside the building is decreased, making it a more pleasant place to live. Third, 

water vapors and condensation don't harm anything. Strong and long-lasting construction. 

The Many Waterproofing Materials: Thinking about your house as if you were picking out 

a waterproof coating is crucial. Thus, it is important to research and comprehend the various 

waterproofing materials available for the structure in question. 

Polyurethane 

As such, it serves as a roof's water barrier. The liquid polyurethane membrane's adaptability 

comes with several advantages, including (but not limited to) the following:  

1. sealing capillary cracks. 

2. Concrete water absorption should be minimized. 

3. Liquid fortifies the concrete's outer layer. 
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• Application Areas: 

• Water tanks 

• Pedestrian stairs 

• The roof 

• Bridges 

• Parking area 

Cementations waterproof coating: This app provides a very simple program. The mixture 

contains sand, silica, organic chemicals, and inorganic chemicals. Also, these substances are 

combined with the function of lime as a sealant. 

Application Areas: 

• Water treatment plants 

• Ports and harbors 

• Parking area 

• Channels 

Bituminous waterproof membrane: Also known as bituminous coating, or asphalt coating, 

this membrane works effectively against water infiltration. Bituminous is mixed with natural 

adhesives. Therefore, its viscous quality makes it a very strong waterproofing material for the 

roof. 

There are two ways to use bituminous: 

1. Roll roofing material method. 

2. Roofing felt method. 

EPDM rubber: This waterproofing material is a synthetic rubber material made of propylene 

and ethylene. Typically, experts associate an EPDM rubber solution with a silicone 

compound. However, both vary depending on the chemical composition, use, and 

characteristics. 

Also, EPDM rubber is highly adaptable and recyclable. 

Application Areas: 

• The roof 

• Windows 

• Wood 

Rubberized Asphalt: Another excellent waterproof chemical, Rubberized Asphalt works 

effectively to protect buildings. The strength, flexibility, and resistance to moisture and the 

penetration of this vapor make it extremely durable and suitable for structural treatment. 

Application Areas: 



INTEGRATED SOLUTION: SEM 2023  ISBN: 978-81-961781-0-9 

250 

• The roof 

• Plazas 

• Parking spaces 

• Terrace 

Thermoplastic Waterproofing: One of the most effective waterproof materials is 

thermoplastic. This solid solution provides long-term protection in buildings. Therefore, its 

anti-inflammatory factor makes it suitable for all heavy treatments. 

Application Areas: 

• Decks 

• Elevator pits 

• Fountains  

PVC membrane: This feature is often used to prevent water from roofing. Its vapor-

permeable material gives it extra strength. The base of the PVC membrane uses polyester 

mesh or glass fiber. 

Application Areas: 

• The roof 

• Tunnels 

• Swimming pools 

• Underground structures 

Waterproofing paints: Waterproof paint protects the house from environmental damage and 

improves the health of the building. Therefore, it remains water resistant or completely 

waterproof. Waterproof paint can be used inside buildings in bathrooms, kitchens, basements, 

etc. Therefore, it could protect the bathroom and the basement from leaks and excess 

moisture. 

The waterproof paint bathroom wall prevents moisture from entering the walls. Therefore, 

these paints are preferred over conventional paints as the first one will not stand firm against 

wet conditions as before. In addition, once moisture has penetrated the walls, mold and 

mildew will damage the structure and cause health problems. 

Types of waterproofing paint 

Epoxy paint for waterproofing: Epoxy waterproofing paints use strong chemicals to 

combat very wet conditions and protect the surface. They make waterproof paint on roofs and 

water-repellent paints Masonry waterproof paint: Made of a mixture of latex and ceramic 

paint, waterproof masonry paint is often used for roofing. Also, this paint absorbs chemicals 

and other liquids easily like water and prevents them from getting inside. It also provides 

cement with waterproof chemicals. 

https://buildingandinteriors.com/building-automation-systems-all-you-need-to-know-about-intelligent-buildings/
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Acrylic waterproof paint: This type of paint is best suited for roofs and terraces made of 

rectangular blocks. Also, this paint on the roof and the balcony harmonizes and drains the 

water on the surface. Additionally, waterproof paint is non-toxic and easy to apply. 

PROCESS OF WATERPROOFING: Waterproofing is done horizontally, above the 

structure, retaining respiratory equipment, to prevent the flow of water and the rise of 

capillary water in it. The interior displays the water content of the structure and externally 

forms a protective film around it. Typically, the construction of a waterproofing system is 

done by creating many barriers to stop the ingress of water, so that it cannot enter the 

building. This development of multiple layers, materials and methods in them creates a kind 

of "envelope" of structure around the building. This envelope can be treated as a permanent 

feature or measure of a green structure by avoiding the ingress of excessive heat from the 

atmosphere. This can be done by applying various paints, adhesives and other finishes as well 

as blending that helps create a transition between outside and inside temperatures. This 

transition between temperatures helps the structure in the following ways: 

• Small differences between indoor and outdoor temperatures cause minor weather 

symptoms and protect the building. This is done in such a way that the effect of 

compaction or expansion during the various seasons in the material construction of the 

building is reduced, by matching the room temperature with the external temperature. 

• Reduce the burden on the HVAC system, and other procedures that a building occupant 

often uses to keep the room temperature stable. These reductions can best be attributed to 

energy savings, drinking water consumption and other utilization of resources. This 

usually moves the building to a green place. 

TYPES OF WATERPROOFING METHODS: There are some common types of 

waterproofing methods used in the construction industry. Waterproofing in 

buildings/structures is generally required for: 

1. Basement of structure 

2. Walls 

3. Bathrooms and kitchen 

4. Balconies, decks 

5. Terrace or roofs 

6. Green roofs 

7. Water tanks 

8. Swimming pools 

The following waterproofing methods are commonly used in construction: 

1. Cementitious Waterproofing 

2. Liquid Waterproofing Membrane 

3. Bituminous Membrane 

4. Bituminous Coating 

5. Polyurethane Liquid Membrane 
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CEMENTITIOUS WATERPROOFING METHOD: Cementitious waterproofing is an 

easy way to prevent water from forming. Cement waterproofing materials are readily 

available in the market. This method is often used in wet indoor areas such as toilets. This 

method is usually a solid or flexible type that prevents water, but as it is used in indoor areas 

such as toilets, it is not exposed to sunlight and weather. Therefore, waterproofing with 

cement does not exceed the contract and the expansion process. 

APPLICATIONS OF CEMENTITIOUS WATERPROOFING: Cementitious 

waterproofing is used in the following type of structures: 

1. Water Treatment Plants 

2. Sewage Treatment Plants 

3. Bridges 

4. Dams 

5. Railway & Subway Systems 

6. Marine Cargo Ports & Docks 

7. River Locks/Channels & Concrete Dykes 

8. Parking Structures & Lots 

9. Tunnels 

LIQUID WATERPROOFING MEMBRANE METHOD 

Liquid membrane is a thin layer that usually includes the first coat and two coats of top coat 

used with a spray, roller, or trowel. It offers more flexibility than cementitious types of 

waterproofing. The liquid heals into a rubber wall. The elongation properties of coating can 

reach as high as 275%. The durability of a waterproof coat depends on the type of polymer 

the manufacturer uses to make the liquid waterproofing. A waterproof membrane can be a 

liquid-coated liquid coated with polymer-modified asphalt. Polyurethane liquid membranes 

for different levels of trowel, roller, or spray are also available from various manufacturers. 

BITUMINOUS COATING WATERPROOFING METHOD: Bituminous coating is a 

type of coating used for waterproofing and flexible protective coat according to its 

composition and polymerization stage. Its flexibility and water protection can be influenced 

by the polymer level and fiber reinforcement. Bituminous coating is also called asphalt 

coating. The most common applications for bituminous coatings include areas under wet 

screed. It is an excellent protective agent and waterproofing agent, especially in areas such as 

concrete foundations. Bituminous coating is made of bitumen-based materials and is not 

suitable for exposure to the sun. They become very brittle and weak when exposed to 

prolonged exposure to the sun unless they are prepared with flexible materials such as 

polyurethane or acrylic-based polymers. The flexibility of the finished products always 

depends on the solid polymer content added to the bitumen. 

BITUMEN MEMBRANE WATERPROOFING APPROACH: Waterproofing of 

bituminous membranes is a popular method used for low-grade roofing due to their 

guaranteed performance. Bituminous membrane waterproofing has a flashlight on the lining 
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and adhesive membranes. Adhesive composites include asphalt, polymers and fillers; in 

addition, certain resins and oils may be added to improve adhesion properties. The self-

adhesive type has a lower shelf life as membrane binding structures shrink over time. The 

torch on the membrane is exposed and covered with types. Exposed membranes usually 

contain granular mineral aggregate to withstand the aging and degradation of the weather and 

other types of membrane, the contractor needs to install a single protective screed to prevent 

membrane perforations. 

POLYURETHANE LIQUID MEMBRANE WATERPROOFING METHOD: The 

polyurethane liquid membrane waterproofing method is used for the flat roof area and is 

weatherproof. This method of waterproofing is expensive. The Polyurethane Liquid 

Membrane can provide high flexibility. Polyurethane is very sensitive to existing moisture, so 

before installing, one should be very careful checking the moisture content of the concrete 

slab, otherwise peeling or cracking of the membrane may occur after some time. 

CONCLUSION 

Water damage can be catastrophic. Water penetration can damage the building's foundations, 

structure, and valuables. Water penetration can degrade concrete and other construction 

materials as quickly as wood rots, especially in colder locations where water freezes and 

causes fractures. Poor waterproofing may be a year-round concern. Permeability allows 

occupant humidity to be safely vented outside. Waterproofing a building entails preventing 

water from entering and preventing it from pooling. 
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Abstract-Hybrid fibre reinforced Ferro cement was subjected to bending and tensile strength tests. In 

this study, we provide hybrid composites that combine the best features of more than one type of 

reinforcing material. A great deal of research was done on various hybrid composites. Reviewing these 

several studies reveals conflicting numbers for tensile strength and bending. It is highly desirable to 

incorporate hybrid fibre into Ferro cement since it increases the material's tensile strength capacity, 

enhances its ductility, and provides strain hardening qualities. Keeping construction costs in poor 

countries, where raw materials are at a premium, at a reasonable level. The main reason why the 

packing density isn't increased by adding finer materials is because of this. In particular, applications 

involving safety structural parts that are needed for ultra-high performance would benefit greatly from 

a boost in packing density accompanied by an increase in toughness. 

Keywords- Ferro cement, Hybridization, Bending Properties, Tensile strength. 

INTRODUCTION 

Reinforced concrete is the most often used construction material on Earth, but the 

fundamental difference between them is the use of wire meshes and a concrete binder that 

contains larger aggregate sizes. Constructed from hydraulic cement mortar and wire mesh 

that is close together, ferrocement has a very thin wall and is often used in construction. 

Metal or other suitable materials can be used to create the mesh. Because of its versatility, 

ferrocement has become a popular choice for complex architectural structures such as domes, 

curved building parts, water tanks, and even boats. Ferrocement can be used to build and 

repair structures. An entirely new type of material is created, one that is distinct from typical 

reinforced concrete in terms of its properties (strength, deformation, and potential 

applications). Thin panels or sections can be made with only a thin mortar layer covering the 

uppermost layers of reinforcement. Compared to ferrocement materials, conventional 

reinforced concrete materials are more commonly used as load-bearing elements because of a 

lack of extensive inquiry into the ferrocement materials and their usage as structural 

elements. The durability and corrosion issues of ferrocement are critical to its success. For the 

purposes of this definition, a hybrid fibre is one made up of both micro and macro synthetic 

fibres. It can be divided into the following combinations: It is based on the fibre constitutive 

response, in which one of the fibres is stronger and stiffer, providing a stiffer and reasonable 

first-crack strength and ultimate strength. As a result, the second type of fibre, which is more 

pliable, improves the post-cracking toughness and strain capacity. Combinations based on 

different aspect ratios are also possible. In the case of fibre reinforced concrete, short fibre 

bridges tiny fractures restrict their expansion and also postpone the coalescence. Fracture 

toughness is improved in composites with long fibres because macro fractures are prevented 

from propagating. Hybridization is the blending of various fibre kinds. By mixing the fibres, 
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the qualities of the concrete mix can be improved on a number of levels. This composite 

material outperforms plain and mono fibre in terms of behavioral efficacy. The addition of 

discontinuous fibres has been recommended by previous studies to boost tensile strength. By 

using hybrid fibres, the researchers hope to boost ferrocement's overall structural 

performance. The requirements of a hybrid fibre ferrocement can only be determined by 

conducting a thorough material investigation. As a first step, to classify the composite's 

behaviour, a test series employing a method designed for classifying high performance 

materials is required. There must be strain hardening qualities in the stress-strain connection 

before this can occur. An analysis of the strain capacity of a material can also be made using 

the tensile strength test, which evaluates the material's tensile strength as well as its 

composition.Hybrid fibre reinforced ferrocement. 

MATERIAL DESCRIPTION 

According to Naaman (2000), the definition of ferrocement has been expanded to include the 

stipulation that "the fineness of the mortar matrix and its composition should be suitable with 

the mesh and armature system it is supposed to encase." There is a possibility that the matrix 

will have discontinuous fibres. This definition was intended to emphasise the compatibility of 

the matrix with the reinforcement that is used to build a composite, as well as to present the 

opportunity to use discontinuous fibres or micro fibres to improve the mechanical 

performance of ferrocement as hybrid composites, should this become necessary. The form of 

hybrid reinforcement known as fibrous ferrocement has wire mesh as the primary 

reinforcement and mono fibre as the secondary reinforcement. 

Since the publication of Naaman's study in 2000, there have been ongoing efforts to develop 

ferrocement as a high-performance material or, as Naaman prefers to refer to it, a strain 

hardening material (Naaman 2007). Due to the interaction of fibres with wire mesh, 

ferrocement composites benefit from an increase in their structural qualities when fibre is 

used (Shannag and Bin Ziyyad 2007). Both mono (meaning only one kind) and hybrid 

(meaning both types) variants of the fibres can be utilized mechanical behaviors. By 

enhancing the mortar mixtures with the use of additives and fly ash as a partial replacement 

for cement, structural standards for ferrocement have been improved. This has led to an 

increase in the use of ferrocement (Arif et al. 2001). Altering the type of reinforcement used 

and the proportion of it used has also contributed to the improvement of ferrocement's 

characteristics.  

Improvements In The Classification of High Performance Cementations Composites 

Today, several different types of cement-based composites are used in practical building 

applications, including the fabrication of structural parts. Because of this, it is essential to 

categorise the materials used in the construction of structures according to their performance. 

Because of material models and the material parameters that they relate to, structural 

engineering and materials engineering are now recognised as having a link between them. 

This reflects the behaviour of a material through its physical requirements, which direct its 
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structural and mechanical behaviours. These behaviours include: (Stang and Li 2004). 

Compression strength, tensile strain behaviour, flexural response, toughness, and energy 

absorption are the features of cement-based composites that are significant for the 

classification of a material's performance. Other properties include flexural response. 

Because of the risk of failure caused by crashes in the compression zone, compressive 

strength is an essential property in the design of concrete (known as brittle failure). However, 

because FRCCs exhibit behaviour that is either quasi-brittle or strain-hardening, compression 

strength is not a relevant design criterion for these materials. 

When the cement paste has reached a point where it is solidified, brittle failure behaviour can 

develop. At the first crack, which is no longer able to resist any stress, linear stress–strain 

behaviour is followed by an abrupt reduction of stress. On the other hand, failure in fibre 

concrete and a few other fibre-reinforced cementitious materials can be described as quasi-

brittle. This results in a linear stress–strain behaviour, which is then followed by a softening 

behaviour. Strain-hardening materials, on the other hand, are defined by their capacity to 

withstand stress in a manner that is linearly inconsistent with their elastic behaviour. Almost 

immediately after achieving the first crack load, an increase in strain will take place due to 

the increasing levels of loading. This will result in substantial deformation. 

When compared to brittle or quasi-brittle materials, the maximum strain value of a strain 

hardening material is often higher (Li 1997). A transition from quasi-brittle to strain 

hardening failure is only possible under conditions of'steady-state' cracking, which arises 

under two conditions: (1) the stress at the crack must equal the first crack peak; and (2) the 

crack opening displacement must be less than the fibre slip caused by the bridging stress. 

Cement structural specifications have been made to ensure that a transition from quasi-brittle 

to strain hardening failure is possible.Cement structural specifications have been made to 

ensure that a transition 

According to EI Debs and Naaman, the addition of polyvinyl alcohol mono discontinuous 

fibre to ferrocement with only one layer of steel mesh but with various wire spacing results in 

better overall performance in terms of cracking behaviour, yield, and maximum strength than 

conventional ferrocement does. In another set of experiments, it was found that increasing the 

number of steel mesh layers from two to four in conjunction with a volume percentage of 

steel fibres in ferrocement ranging from 1.5 to 2 percent led to an increase in the strength of 

the material. 

APPLICATION 

The advantages of flexibility in the fresh casting stage and high ductility in the hard stage 

have made ECCs attractive for structural applications (Li 2008), including either on their own 

or in the form of a composite (hybrid) to support other structural materials. This includes 

applications where the ECCs are used to support other structural materials (Naaman 2007). It 

has been demonstrated that the one-of-a-kind characteristics of ECCs as strain hardening 

cementitious composites (SHCCs) are capable of protecting structural elements constructed 
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of RC from the damaging effects of an aggressive environment by narrowing the cracks that 

form in these elements (Maalej and Li 1995). Li et al. conducted research on the use of ECCs 

in concrete structures with the intention of repairing or retrofitting them (2000). According to 

the findings of the investigation, the use of ECCs is not limited to structures that are already 

in existence; rather, they are also suitable for protecting structures that have specific 

requirements, such as high impact resistance, crack width control, an aggressive environment, 

and a large damage tolerance. Fischer (2010) had great success utilising stand-alone PVA–

ECC panels in modular houses by employing them as floor slabs. The panel slabs that were 

put through their paces in the testing process had advantageous qualities such as relatively 

high flexural stiffness, ductility, maximum strength failure, and low cost. The environmental 

benefits are in addition to the advantages brought about by the mechanical and economic 

aspects. This slab system is more appealing and sustainable thanks to the utilisation of waste 

materials as filler in the mixing matrix of the ECC floor slab. These waste materials may 

include FA or slag. According to Li et al. 2004b, it is possible to create green ECCs for 

sustainable infrastructure in a variety of applications, such as pipelines, cement boards, 

electrical shafts, pavements, and as overlay systems in bridge decks (Zhanga and Li 2002). 

MATERIAL DESCRIPTION 

Because it offers the lowest coststrength ratio of all construction materials, concrete 

continues to be the most commonly utilised material. The issue with concrete is that it has a 

low tensile strength and behaves in a brittle manner. This causes failure and collapse fast after 

the first crack appears in the material. This issue, number 37, inspired researchers to study 

ways to improve the properties of concrete. Steel fibre-reinforced concrete, also known as 

SFRC, is a type of hybrid-reinforced cementitious material that was first developed in the 

early 1960s. The addition of steel fibre led to a considerable improvement in the tensile 

splitting strength, flexural strength, initial cracking strength, toughness, and impact resistance 

of the material. In addition to this, there was a decrease in fracture width, deflection, 

shrinkage, and creep (Tejchman and Kozicki 2010). ACI Committee 544 contains a set of 

guidelines that can be used for the design and specification of material properties (2002). As 

was mentioned before, the ASTM Standard (2011a) categorised FRC based on the type of 

fibre it was made of, including steel, glass, synthetic, and natural fibre. 

The behaviour and qualities of mechanical systems 

Flexural testing was used to undertake experimental investigations of steel fibre-reinforced 

beams with changing fibre content (Altun, Haktanir, and Ari 2007). The fibre content ranged 

from 0 to 60 kg/m3 of the beam's volume. Compression, elastic modulus, and toughness were 

some of the qualities that were mentioned. The findings showed that the increase in the fibre 

content did not cause a substantial decrease in the compressive strength, and the results 

showed that a capacity of good flexural strength could be attained by utilizing 30 kg/m3 (1.25 

percent volume fraction). Shear testing was carried out on SFRC beams utilizing a variety of 

stirrup configurations and fibre contents. Lim and Oh (1999) conducted an experiment, the 

results of which suggested that further shear reinforcement is not necessary in SFRC. 



INTEGRATED SOLUTION: SEM 2023  ISBN: 978-81-961781-0-9 

258 

However, other experiments revealed that a fibre volume percentage of 1.5 percent was 

sufficient to obtain excellent shear strength capacities (Juárez et al. 2007). 

In order to, investigate the tension stiffening and cracking behavior of SFRC specimens with 

conventional longitudinal reinforcement, standard uniaxial tension tests are often carried out 

on these samples. There was reported to be an increase in the post-load yielding capacity, in 

addition to the development of various fracture forming behaviors. This was in comparison to 

the standard RC (Deluce and Vecchio 2013). Take note that the percentage of fibres present 

in the mixing matrix has a major impact on the FRC's capacity for withstanding tensile stress 

(Sujivorakul 2012). During tensile testing, synthetic FRC showed a crack behavior that was 

comparable to that of natural FRC (Wang, Li and Backer 1990). 

DURABILITY OF THE MATERIAL AND ITS APPLICATIONS 

The application of a material in building is based, from a structural point of view, on the 

mechanical performance of the material as well as its durability. According to Li and Stang 

(2004), cementitious materials have a strong correlation between their structural level 

durability and their ductility. Corrosion can occur on steel rebars if there is not enough 

concrete covering them or if the permeability of the cracks that form around them is 

enhanced. The addition of fibre to concrete increases its resistance to cracking and narrows 

the cracks that do appear. When compared to conventional RC, there is an observed decrease 

in the permeability of concrete as well as an increase in the overall impact on the 

environment (Banthia and Bhargava 2007; Bentur, Diamond, and Berke 1997). 

A durability performance evaluation of FRC in a hostile environment employing fractured 

fibre-reinforced shotcrete revealed difficulties with the material's durability as a result of 

sulphate and salt solution attack (Kaufmann 2014). According to the results of the test, 

environmental conditions very comparable to those seen in tunnel construction are present. It 

was demonstrated that steel fibres in cracks corrode, which leads to a loss of the structure's 

potential for residual strength. On the other hand, 39 uncracked samples demonstrated a 

higher level of resistance behaviour during a specified time period. In addition to this, it was 

found that polymer fibre had a greater level of durability in these kinds of conditions. 

There are a number of different application possibilities made possible by the production of 

FRC using shotcrete or pre-casting procedures. Pipeline trench applications, sewage channel 

applications, tunnel lining applications, railroad track beam uses for high-speed trains, and 

precast concrete fence panel applications are some of the places that FRCs are put to use 

(Banthia et al. 2012). These are the broad applications of fibre reinforced concrete; 

constructions that are subjected to blast or impact loading are good examples of more 

particular applications of matrix modified FRC. Bindiganavile, Banthia, and Aarup (2002), 

for instance, investigated the influence of impact load response on ultra-high-strength 

compact steel fibre reinforced concrete. The matrix was experimentally investigated under 

drop-weight impact load, and it contained Portland cement, SF (24 percent by weight of 

cement), and 6 percent steel fibre volume fraction (quasi-static loading). The material 
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demonstrated three times the strength and energy absorption of regular FRC thanks to its 

unique composition. This demonstrates that as a result of the material's great resistance to 

impact, it is appropriate for use in strategically significant structures such as those associated 

with high-security or the military. 

CONCLUSION 

In the numerical modelling, both the microscopic and the structural levels were taken into 

consideration. On the basis of the findings presented in this part of the investigation, one can 

draw the following conclusions: 

• The FEM model that simulated the RVE (micro structural model) in order to compute the 

elastic modulus confirmed, to some degree, the results of the experiment that were conducted 

in order to determine the elastic modulus. The results of the FE simulation revealed that the 

values for the elastic modulus had moderately increased with time. When compared to the 

results of the experiment, the variations between the values that were obtained and those that 

were achieved through experimentation were less than 4%. 

 • The application of the numerical model to the HFF panel while it was being subjected to 

flexure produced outstanding results when compared with the experimental data utilising the 

elastic modules received from the nanoindentation test. This served as a strong indication that 

the elastic modulus that was empirically found is in good agreement with the FE model. 

• The finite element modelling of the HFF–OWC slab exhibited good composite action, and 

there were no symptoms of the slab fracturing as a result of horizontal shear transfer. 
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Abstract-Dangerous synthetic substances break to the climate by various regular or potentially 

anthropogenic exercises and may cause antagonistic impacts on human wellbeing and the climate. 

Expanded burning of non-renewable energy sources somewhat recently is liable for the dynamic 

change in the atmospheric creation. Air poisons, like carbon monoxide (CO), sulfur dioxide (SO2), 

nitrogen oxides (NOx), unstable natural mixtures (VOCs), ozone (O3), weighty metals, and respirable 

particulate matter (PM2.5 and PM10), vary in their synthetic creation, response appropriate ties, 

discharge, season of deterioration and capacity to diffuse in lengthy or brief distances. Air 

contamination affects human wellbeing, influencing various frameworks and organs. It goes from 

minor upper respiratory disturbance to constant respiratory and coronary illness, cellular breakdown 

in the lungs, intense respiratory contaminations in kids and persistent bronchitis in grown-ups, 

exasperating previous heart and lung sickness, or asthmatic assaults. Furthermore, short-and long 

haul openings have likewise been connected with untimely mortality and decreased future. These 

impacts of air toxins on human wellbeing and their instrument of activity are momentarily examined. 

Keywords: Air pollutant; Human health; Cellular actions; Detoxification 

INTRODUCTION 

Despite the fact that a variety of natural occurrences (volcanoes, fire, etc.) have the potential 

to discharge a variety of pollutants into the environment, anthropogenic activities are the 

main contributor to environmental air pollution. However, a number of air pollutants are 

discharged by industrial facilities and other activities and may have adverse impacts on both 

human health and the ecosystem. Hazardous chemicals can accidentally escape into the 

environment. Any substance that has the potential to harm people, animals, plants, or other 

materials is by definition an air pollutant. In terms of people, an air pollution may increase 

the risk of death or serious disease, pose a risk to their health now or in the future, or all of 

these things. determining whether or not a material is dangerous to human health. 

POLLUTANT CATEGORIES 

The burning of fossil fuels for the production of energy and transportation is the primary 

cause of the major change in the composition of the atmosphere. Numerous air pollutants 

have been identified, each with unique chemical make-ups, reactions, emissions, 

environmental permanence, ability to travel over long or short distances, and potential effects 

on human and/or animal health. However, they do have some things in common, and they fall 

into one of four categories: 

1. Pollutants that are gaseous, such as SO2, NOx, CO, ozone, and volatile organic 

compounds.  
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2. Long-lasting organic contaminants, such as dioxins. 

3. Heavy metals, including lead and mercury. 

4. Particulate Matter. 

Gaseous pollutants are mostly caused by the combustion of fossil fuels and play a significant 

role in changes in the composition of the atmosphere (Katsouyanni, 2003). Nitrogen oxides 

are released as NO, which combines quickly with ozone or other airborne radicals to generate 

NO2. Mobile and stationary combustion sources are the principal anthropogenic sources of 

emissions. Additionally, sunlight triggers a sequence of processes involving NO2 and volatile 

organic molecules that result in the formation of ozone in the lower atmospheric layers. On 

the other hand, incomplete combustion results in the production of CO. The main source of it 

is also the road system. While the combustion of sulfur-containing fossil fuels (mostly coal 

and heavy oils) and the smelting of sulfide-containing ores produce anthropogenic SO2, 

volcanic eruptions and oceans are its major natural sources. The latter account for just 2% of 

all emissions. The so-called volatile organic compounds (VOCs) are a significant class of 

substances that fuel combustion, particularly combustion processes for energy production and 

vehicle transport, which are the largest source of emission. This group of chemicals 

comprises chemical species with an organic character, including benzene. Even while most 

gaseous pollutants are breathed and primarily have an adverse effect on the respiratory 

system, they can also cause cancer and haematological issues (CO, benzene). 

Continually present organic pollutants are a dangerous class of chemicals. They linger in the 

environment for a long time, and when they ascend the food chain, their effects are amplified 

(bio-magnification). Pesticides, as well as dioxins, furans, and PCBs, are among them. 

Dibenzo-dioxins (PCDDs) and polychlorinated dibenzo-furans (PCDFs) are generally 

referred to as "dioxins," although polychlorinated biphenyls (PCBs) are referred to as "dioxin 

like compounds" and can operate similarly in terms of dioxin-type toxicity (Schecter et al., 

2006). Dioxins are produced anytime materials containing chlorine (such plastics) are burned, 

as well as during incomplete combustion. Dioxins are airborne pollutants that deposit on soil 

and water but do not affect groundwater supplies because they are not water soluble. Most 

dioxins in plants come from air and residue or pesticides and enter the natural order of things 

where they bio-amass because of their capacity to be steadily bound to lipids. 

Weighty metals incorporate essential metal components, for example, lead, mercury, 

cadmium silver nickel, vanadium, chromium and manganese. They are regular parts of the 

world's outside layer; they can't be debased or annihilated, and can be shipped via air, and 

enter water and human food supply. Furthermore, they enter the climate through a wide 

assortment of sources, including burning, squander water releases and manufacturing offices. 

To a little degree they enter human bodies where, as minor components, they are fundamental 

to keep up with the typical metabolic responses. Be that as it may, at higher (in spite of the 

fact that relatively low) focuses they can become harmful (Jarup, 2003). Most weighty metals 

are hazardous in light of the fact that they tend to bio-gather in the human body. 
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Bioaccumulation implies an expansion in the centralization of a synthetic in a biological life 

form over the long run, contrasted with the compound's focus in the climate. Compounds 

amass in organic entities any time they are taken in and put away quicker than they are 

separated (used) or discharged. 

Particulate matter (PM) is the conventional term utilized for a sort of air contaminations, 

comprising of complicated and differing combinations of particles suspended in the breathing 

air, which shift in size and organization, and are delivered by a wide assortment of regular 

and anthropogenic exercises (Poschl, 2005). Significant wellsprings of particulate 

contamination are industrial facilities, power plants, re-combine incinerators, engine vehicles, 

development action, flames, and normal windblown residue. The size of the particles differs 

(PM2.5 and PM10 for streamlined width more modest than2.5 mm and 10 mm separately) 

and various classes have been characterized: Ultrafine particles, less than 0.1 mm in 

streamlined distance across, Fine particles, less than 1 mm, and Coarse particles, bigger than 

1 mm. The size of the particles decides the site in the respiratory lot that they will store: 

PM10 particles store chiefly in the upper respiratory parcel while fine and ultra-fine particles 

can arrive at lung alveoli. Up to this point, no single part has been distinguished that could 

make sense of a large portion of the PM impacts. Among the boundaries that assume a 

significant part for evoking wellbeing impacts are the size and surface of particles, their 

number and their composition. The organization of PM changes, as they can ingest and move 

a huge number of poisons. In any case, their major com-ponents are metals, natural mixtures, 

material of biologic beginning, particles, responsive gases, and the molecule carbon center. 

There is solid proof to help that ultra-fine and fine particles are more dangerous than bigger 

ones (coarse particles), regarding mortality and cardiovascular and respiratory impacts. 

Moreover, the metal substance, the presence of PAHs and other natural parts like endotoxins, 

fundamentally add to PM poisonousness. 

ROUTES OF OPENNESS 

People enter in touch with various air poisons primarily by means of inward breath and 

ingestion, while dermal contact rep-loathes a minor course of openness. Air contamination 

contributes, by and large, to the tainting of food and water, which makes ingestion in a few 

cases the significant course of poison consumption (Thron, 1996). Through the 

gastrointestinal and respiratory parcel, retention of contaminations might happen, while 

various harmful substances can be tracked down in the overall flow and store to various 

tissues. Disposal happens partially by discharge (Rankle and Fowler, 2000). 

HEALTH IMPACTS 

Irregular air contamination occasions, similar to the notable London haze in 1952 and various 

short and long haul epidemiological examinations researched the impacts of air quality 

changes on hu-man wellbeing. A steady finding is that air contaminations add to expanded 

mortality and emergency clinic confirmations (Brunekreefand Holgate, 2002). The different 

sythesis of air pollut-insects, the portion and season of openness and the way that people are 
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normally presented to poison combinations than to single sub-positions, can prompt assorted 

influences on human wellbeing. Human wellbeing impacts can go from sickness and trouble 

in breath-ing or skin aggravation, to disease. They likewise incorporate birth deserts, serious 

formative defers in kids, and decreased action of the resistant framework, prompting various 

illnesses. More-finished, there exist a few vulnerability factors, for example, age, nu-tritional 

status and inclining conditions. Wellbeing impacts can be recognized to intense, persistent 

excluding malignant growth and harmful. Epidemiological and creature model information 

demonstrate that basically impacted frameworks are the cardiovascular and the respiratory 

framework. In any case, the capability of a few different organs can be likewise impacted 

(Cohen et al., 2005; Huang and Ghio, 2006; Kunzli and Tager, 2005; Sharma and Agrawal, 

2005). 

• Effects Of Air Contaminations On Various Organs And Frameworks 

1.Respiratory Framework 

Various examinations depict that a wide range of air contamination, at high focus, can 

influence the aviation routes. In any case, sim-ilar impacts are additionally seen with long 

haul openness to bring down contamination focuses. Side effects like nose and throat ir-

ritation, trailed by bronchoconstriction and dyspnoea, espe-cially in asthmatic people, are 

typically capable after openness to expanded degrees of sulfur dioxide (Balmes et al., 1987), 

nitrogen oxides (Kagawa, 1985), and certain weighty metals like arsenic, nickel or vanadium. 

Also particulate matter that enters the alveolar epithelium (Ghio and Huang, 2004) and ozone 

start lung irritation (Uysal and Schapira, 2003). In patients with lung sores or lung dis-

facilitates, poison started irritation will deteriorate their con-dition. Besides air 

contaminations, for example, nitrogen oxides increment the helplessness to respiratory 

diseases (Chauhan et al., 1998). At long last ongoing openness to ozone and certain weighty 

metals diminishes lung capability (Rastogi et al., 1991; Tager et al., 2005), while the later are 

additionally liable for asthma, emphysema, and even cellular breakdown in the lungs (Kuo et 

al., 2006; Nawrot et al., 2006). Emphysema-like sores have additionally been seen in mice 

presented to nitrogen dioxide (Wegmann et al., 2005). 

2.Cardiovascular Framework 

Carbon monoxide ties to hemoglobin changing its con-arrangement and decreases its ability 

to move oxygen (Badman and Jaffe, 1996). This diminished oxygen accessibility can 

influence the capability of various organs (and particularly high oxygen-consuming organs 

like the mind and the heart), bringing about debilitated focus, slow reflexes, and disarray. 

Aside from lung aggravation, fundamental provocative changes are induced by particulate 

matter, influencing similarly blood coagulation (Riediker et al., 2004). Air contamination that 

actuates lung disturbance and changes in blood coagulating can block (heart) veins, 

prompting angina or even to myocardial infraction 

(Vermylen et al., 2005). Side effects, for example, tachycardia, in-wrinkled circulatory strain 

and weakness because of an inhibitory impact on haematopoiesis have been seen as a result 
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of weighty metal contamination (explicitly mercury, nickel and arsenic) (Huang and Ghio, 

2006). At last, epidemiologic examinations have connected dioxin openness to expanded 

mortality brought about by ische-mic coronary illness, while in mice, it was demonstrated the 

way that weighty metals can likewise increment fatty oil levels (Dalton et al., 2001). 

3. Nervous Framework 

The sensory system is essentially impacted by weighty metals (lead, mercury and arsenic) 

and dioxins. Neurotoxicity prompting neuropathies, with side effects, for example, memory 

aggravations, rest issues, outrage, weariness, hand quakes, obscured vision, and slurred 

discourse, have been seen after arsenic, lead and mercury openness (Ewan and Pamphlett, 

1996; Ratnaike, 2003). Particularly, lead openness makes injury the dopamine framework, 

glutamate framework, and N-methyl-D-Aspartate (NMDA) receptor complex, which assume 

a significant part in memory capabilities (Lasley and Gilbert, 2000; Lasley et al., 2001). Mer-

cury is additionally answerable for specific instances of neurological can-cer. Dioxins decline 

nerve conduction speed and disabled mental advancement of kids (Thomke et al., 1999; 

Walkowiak et al., 2001). 

4. Urinary Framework 

Weighty metals can initiate kidney harm, for example, an underlying cylindrical brokenness 

proved by an expanded discharge of low atomic weight proteins, which advances to 

diminished glomerular filtration rate (GFR). Furthermore they increment the gamble of stone 

arrangement or nephrocalcinosis (Damek-Poprawa and Sawicka-Kapusta, 2003; Jarup, 2003; 

Loghman-Adham, 1997) and renal malignant growth (Boffetta et al., 1993; Vamvakas et al., 

1993). 

5. Digestive Framework 

Dioxins actuate liver cell harm (Kimbrough et al., 1977), as demonstrated by an expansion in 

levels of specific chemicals in the blood (see following conversation on the fundamental cell 

components of activity), as well as gastrointestinal and liver malignant growth (Mandal, 

2005). 

• Exposure During Pregnancy 

Somewhat critical to make reference to air contaminations can likewise influence the creating 

hatchling (Schell et al., 2006). Maternal openness to weighty metals and particularly to lead, 

expands the dangers of unconstrained fetus removal and decreased fetal development (pre-

term conveyance, low birth weight). There are likewise proves proposing that parental lead 

openness is additionally answerable for intrinsic distortions (Bellinger, 2005), and sores of 

the creating sensory system, causing significant debilitation in infant's engine and mental 

capacities (Garza et al., 2006). Additionally, dioxins were viewed as moved from the mother 

to the hatchling through the placenta. They go about as endocrine disruptors and influence 

development and improvement of the focal anxiousarrangement of the hatchling (Wang et al., 

2004). In this regard, TCDD is considered as a formative poison in all species inspected. 



INTEGRATED SOLUTION: SEM 2023  ISBN: 978-81-961781-0-9 

265 

CELLULAR COMPONENTS ENGAGED WITH AIR CONTAMINATIONS 

ACTIVITIES 

Normal cell component by which most air poisons apply their unfavorable impacts is their 

capacity to act straightforwardly as supportive of oxidants of lipids and proteins or as 

freerevolutionariesgenerators, advancing oxidative pressure and the enlistment of incendiary 

reactions (Menzel, 1994; Rahman and MacNee, 2000). Free revolutionaries (responsive 

oxygen and nitrogen species) are destructive to cell lipids, proteins, and atomic or 

mitochondrial-DNA, repressing their typical capability (Valko et al., 2006). What's more, 

they can obstruct flagging pathways inside cells (Valko et al., 2006). In eukaryotic high-

impact living beings including people, free extremists are consistently produced during 

ordinary digestion and in light of exogenous environmental openings (for example light, 

tobacco smoke, metals and ozone). At the point when free extreme fixation expands, because 

of a mind-boggling of life form's guard, a condition of oxidative pressure happens. This 

oxidative state has been ensnared in a wide assortment of degenerative illnesses, for example, 

atherosclerosis, respiratory failures, stir up, constant fiery sicknesses (rheumatoid joint pain), 

waterfall, focal sensory system issues (Parkinson's, and Alzheimer's sickness), age related 

messes lastly disease. 

Moreover, the poisonous impacts of weighty metals, aside from actuating oxidative pressure, 

can be additionally credited to their capacity to substitute different polyvalent cations 

(calcium, zinc, and magnesium) that capability as charge transporters, mediators in catalyzed 

responses, or as primary components in the maintenance of protein conformity. For sure, 

metals aggregate in cell organelles and disrupt their capability. For example it has been seen 

that lead collection in mitochondria prompts a few changes, for example, hindrance of Ca2þ 

take-up, decrease of the transmembrane potential, oxidation of pyridine nucleotides, and a 

quick arrival of gathered Ca2þ (Chavez et al., 1987). Besides, metals tie to proteins(Goering, 

1993) and hinder countless proteins, including the mitochondrial ones (Rossi et al., 1993). 

Nucleic corrosive restricting proteins are additionally involved, while it has been 

demonstrated the way that metals can likewise tie to DNA, influencing the expression of 

qualities. For instance nickel enters the core, connects with chromatin and quiets the 

statement of qualities, for example, cancer silencer qualities, instigating carcinogenesis 

(Costa et al., 2003). At long last, a few metals disrupt different volt-age-and ligand-gated 

ionic channels applying neurotoxic effects. For example lead influences the N-methyl-D-

aspartic corrosive (NMDA) receptor, subtypes of voltage-and calcium-gated potassium 

channels, cholinergic receptors and voltage-gated calcium channels (Garza et al., 2006; 

Toscano and Guilarte, 2005). 

Dioxin causes a wide scope of unfavorable impacts (Birnbaum, 1994): they modify digestion 

by instigating various metabolic chemicals (for example CYPs, glutathione-transferase, 

tyrosine kinase and so on), homeostasis, through chemical regulation (for example estrogens, 

androgens glucocorticoids, insulin, thyroid hormones) and their receptors, and development 

and separation by slowing down development factors (for example EGF, TGFa, TNFa) and 
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their receptors. At the cell level, dioxins communicate with the aryl hydrocarbon receptor 

(AhR) (Schwarz et al., 2000) which has an essential helix-circle helix space, going about as a 

record factor after atomic movement, permitting interaction of dioxins with DNA. The 

receptor-ligand complex ties to explicit locales on DNA, changing the declaration of various 

qualities. 

All things considered from the information introduced above obviously most toxins assume a 

significant part in the commencement, advancement and movement of disease cells (Fig. 1). 

NATURAL SECURITY 

In our everyday life we are uncovered in various types of poisons. Wellbeing influences, as 

currently portrayed above, rely upon the contamination type, its fixation, length of openness, 

other existing together poisons and individual vulnerability. 

 

Fig.1.Basic mechanisms of carcinogenesis 

Individuals living in urban communities are presented positively, as a con-grouping of 

expanded industrialization and requests for energy and engine vehicles. Word related 

openness is additionally a significant component that ought to be thought about. During the 

last ten years, wellbeing impacts of air contamination are concentrated on additional in 

created nations, while more and better environ-mental checking information are expected to 

arrangement limit levels. Furthermore endeavors ought to be heightened by going to the 

fitting lengths, to decrease the chance of hu-man poison openness. 

The human body, to safeguard itself against the potential hurtful put-downs from the climate, 

is furnished with drug or xenobiotic utilizing proteins (DMEs or XMEs) that assume a focal 

part in the biotransformation, digestion as well as detoxification of xenobiotics or unfamiliar 

mixtures, including various types of contaminations. XMEs incorporate different catalysts 

like cytochrome P450 (P450 or CYP), epoxide hydrolase, glutathione transferase, UDP-

glucuronosyltransferase, sulfotransferase, NAD(P)H quinone oxidoreductase 1, and aldo-keto 

reductase. These chemicals fundamentally partake in the transformation of xenobiotics to 
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more polar and water-dissolvable metabolites, which are promptly discharged from the body. 

At long last, it ought to be noticed that, by and large, the synthetically responsive metabolites 

delivered during digestion, are similarly destructive and hence go through extra digestion to 

inert products. Thus, the ultimate result of a compound balancing the detoxification catalyst 

frameworks is the outcome the consequences for the different metabolic pathways. 

Various substances of dietary nature are gainful, defensive, and steady of good wellbeing and 

the body's own normal chelation components. They incorporate supplements with regular 

chelating properties, which might assist with detoxifying the body, like cell reinforcements, 

spices, minerals, fundamental amino acids, other detoxifying or defensive specialists, and 

fiber (Kelly, 2004). Among them dietary cell reinforcements add to the living being's cell 

reinforcement protection framework, that incorporates a progression of cancer prevention 

agent enzymatic (for example peroxidase) and non-enzymatic mixtures, (for example, 

glutathione, or food-inferred like vitamin E, or polyphenols), as well as harm evacuation/fix 

proteins. 

A few regular mixtures, like nutrients C, E, and An and polyphenols, tracked down in most of 

plant food varieties, between fere with or search ROS focus inside cells and sub-sequently 

shield the organic entity from the unfriendly impacts of oxidative pressure. For sure, as it has 

been shown by our gathering that the cell reinforcement movement of plasma in people 

following an eating regimen wealthy in vegetables, products of the soil oil was expanded in 

contrast with a typical eating routine (Kampa et al., 2002). This in-wrinkle can be primarily 

credited to polyphenols which display a great many organic exercises, including hostile to 

tumorigenic, against mutagenic, calming, and antiviral activities (Bravo, 1998; Hertog and 

Hollman, 1996) fundamentally because of their cell reinforcement properties and their 

capacity to apply inhibitory effects by influencing essential cell capabilities. To be sure the 

beneficial job of polyphenols in forestalling disease can be to some degree ascribed to their 

capacity to adjust catalysts that actuate or detoxify natural cancer-causing agents. 

CONCLUSION 

This short survey presents the unfavorable impacts of various (air) poisons in human 

wellbeing. As displayed, major impairments of various organs can be noticed. The principal 

conclusion drawn is that, considering expanded openness of people in a variety of 

contaminations, dietary mediations, wealthy in plant-determined food varieties, may 

safeguard or diminish their consequences for various organs. This decision is upheld by 

various epidemiological investigations on the valuable impact of a Mediterranean-type diet 

on human wellbeing. 
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ABSTRACT – Rainfall is the most complex and difficult elements of hydrological cycle to understand 

and to model due to the complexity of atmospheric process. Long term prediction of rainfall is 

important for country like India where economy is mainly depends on agriculture. In the present study 

an attempt has been made to develop ANN models for prediction of daily rainfall for monsoon season 

at Parbhani District of Maharashtra, India. For the study, 30 years data (1985 to 2014) have been 

used. The 80% data (1985-2008) were used for model calibration and remaining 20% data (2008-

2014) were used for validation. In the study, Gama test has been used to find best combination of input 

variables and after that back-propagation algorithm and tan sigmoid activation function were used to 

train and test the models. It was founded that the models are capable to predict the rainfall with 

adequate accuracy. 

Keywords- Gamma test, Back propagation. 

INTRODUCTION 

The critical dependence of human culture on a reliable source of water and its requirement 

for security from floods and dry seasons resulted in the branch of science, hydrology, which 

has principally developed in the journey for solutions to water related issues. During rainy 

season between June to September, south-west monsoon contributes more than 75% of the 

annual rainfall of India (Singh, 2006). The view of Indian agriculture is very much dependent 

on beginning of monsoon and depth of rainfall during rainy season. Therefore, any decrease 

or increase in annual rainfall will always have severe impact on the agriculture sector of 

India. Therefore, it is essential to forecast the monsoon behavior which will help the farmers 

and the government to take full advantage of monsoon season. This knowledge can be vital in 

reducing the damage of crops during low rainfall periods in monsoon seasons. Rainfall is 

natural climatic phenomena whose prediction is very challenging and demanding. Accurate 

study on rainfall is vital for the planning and management of the water resources. 

Nevertheless, rainfall is one of the most complex and difficult element of the hydrological 

cycle to understand and to model due to the complexity of the atmospheric processes that 

generate rainfall and tremendous range of variation over a wide range of scales both in space 

and time (French et al., 1992). 

METHOLOGY 

Parbhani district was known as “Prabhavati” in ancient times. It is located towards east of 

Maharashtra and it is one of the eight districts of Marathwada division. The latitude and 

longitudes of study area is 18.27° to 20.01º N and 76.13° to 77º E. The elevation of the area is 
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347m above mean sea level. The location of study area is shown in Figure 1. The climate of 

study area is classified as the tropical. In general the climate of the area is dry during the 

southwest monsoon season. The year can be divided into four seasons. The cold season from 

December to February and the hot season (March to May), the southwest monsoon season 

from June to September and the post-monsoon season from October to November. The 

annual average rainfall in the area is 888.5 mm. The daily meteorological data of 30 years 

(1985-2014) were collected from the meteorological observatory of Vasantrao Naik 

Marathwada Krishi Vidyapeeth, Parbhani, Maharashtra State, India. 

The data required for this study were collected of the period (1st June to 30th September) for 

thirty years from 1985 to 2014.These data involved daily values of rainfall, temperature, 

relative humidity and wind velocity and were subjected to pre-analysis and formulation of 

data base. The 80% data (1985-2008) were used for model calibration and remaining 20% 

data (2008-2014) were used for validation. 

Artificial Neural Network (ANN) 

A typical neuron of the ANN consists of input: to Propagates input signal to neuron, Synaptic 

weights: Interneuron connections that weighs their respective input signals, Bias: Threshold 

that has an effect of either increasing or decreasing the net input and Output: to provides the 

output signal of the neuron. The basic structure of a neural network. In neural network, every 

neuron has a number of inputs and outputs. A neuron calculates an output by applying net 

and transfer function on inputs. 

Development of modal 

The artificial neural network (ANN) models were trained using multilayer feed-forward 

neural network with varying number of neurons in single and double hidden layers using 

hyperbolic tangent activation function. The analysis of different structures of ANN models 

trained and tested for maximum epoch’s value of 1000 and threshold’s value as0.001. The 

daily monsoon rainfall prediction model for a study area has been developed using the 

combination of the best input parameters given by Gamma test as discussed under Figure 4 

i.e. current day vapor pressure and one day and two lag day rainfall, relative humidity, wind 

speed and temperature, respectively 

Result and Discussion 

The best-input combination for application to a model was identified using the Gamma Test 

(GT). The results of gamma test are shown in Table 3. The best combination of input 

variables was selected based on the least value of Gamma statistic. Therefore, out of 10 

models tested for input combinations, it is found that the model that gives the minimum value 

of gamma is model 8 and thus, it was selected for input-combination for further application in 

predictions of rainfall using various models. 
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Fig. 1- Comparison of observed and predicted rainfall and their corresponding scatter plot for 

ANN (9-8-8-1) model during training period. 

CONCLUSION 

In the model (9-11-1), 9 shows input nodes in the input layer, 11 indicates the 11 number. of 

neurons in the hidden layer and 1 show the output node in the output layer and in model (9-8-

8-1), 9 shows input nodes in the input layer, 8 indicates 8 number of neurons in first hidden 

layer and second hidden layer, respectively and 1 shows the output node in output layer.In the 

methodologies available to predict the rainfall, the two factors which need to be estimated 

with utmost accuracy are the quantum of rainfall and time. The performance of developed 

models was evaluated using qualitatively. Different structures of ANN model were trained 

and tested for maximum iterations of 1000 for single and double hidden layers network for 

forecasting the rainfall. Trial and error method was used for the selection of the network 

among various structures of the ANN model because there is no specific rule available to 

determine the best structure of the network. 
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ABSTRACT: It is said that the construction of a nation's infrastructure is that nation's greatest 

achievement. Because cement and steel are such essential building resources, a nation's consumption 

of these commodities on a per capita basis can serve as a good measure of its degree of development. 

Concrete and the substance that acts as its principal precursor, Ordinary Portland Cement (OPC), are 

so essential to modern society that it is difficult to imagine a future without either of them. In spite of 

the fact that several kinds of concrete have been developed for specialised applications, the advantages 

that come with working with any kind of concrete include its low cost, adaptability, durability, and 

simplicity. The cement industry is thriving all throughout the world, including in India. It is essential 

for an engineer to select a high-quality cement, despite the fact that there are many new possibilities 

available. Inadequate cement quality is a common contributor to the failure of construction projects. In 

this investigation, we will investigate the factors that have a role in determining the type of cement 

used as well as the classification of cement strength. Controlling the quality of the cement and ensuring 

that it is consistent in quality are both absolutely necessary. By selecting cement of an adequate 

quality, it will be possible to provide some level of protection for the project. 

Keywords –high quality cement, OPC, steel, strength. 

INTRODUCTION 

When it comes to cement production, India ranks second worldwide. Deregulation of the 

industry in 1982 opened the door to massive investment from both domestic and international 

companies. Several reforms and adjustments were made in India's cement business so that it 

would be more in line with government regulations and the industry's bottom line. There was 

a dramatic increase in cement production from nearly 5 million tonnes in 1952 to over 54 

million tonnes in 1993. Poor cement quality and growing production costs as a result of 

government regulation over a long period of time have led to similarly subpar concrete 

construction. 

Cement demand in India is expected to increase due to government’s push for large 

infrastructure projects, leading to 45 million tonnes (MT) of cement needed in the next three 

to four years. India’s cement demand is expected to reach 550-600 Million Tonnes Per 

Annum (MTPA) by 2025. The housing sector is the biggest demand driver of cement, 

accounting for about 67 per cent of the total consumption in India. The other major 

consumers of cement include infrastructure at 13 per cent, commercial construction at 11 per 

cent and industrial construction at 9 per cent.  

The partial relaxation of Government control from March 1982 and a total relaxation of 

control after March 1989 revived the cement industry and resulted in its phenomenal growth. 
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This resulted in a competitive market and cement manufactures had to improve their quality 

of cement, as it was now a battle for survival of the best. 

After late 80s cement manufacturers took a huge step modernizing their old plants, which 

were in various stages of obsolescence. The wet process plants were converted to more 

economical and dry efficient process or semi-dry process plants. This leads to the production 

of high-quality cement. Several leading organizations diversified into cement manufacture 

and thereby created the much-desired consumer-oriented market with the range of brands 

available at competitive prices. The 33-grade ordinary Portland cement (IS: 269-1989) has 

virtually disappeared and is displaced by higher strength ordinary Portland cement of 43-

grade (IS: 8112-1989) and 53-grade (IS: 12269-1987). 

SELECTION OF HIGH-QUALITY CEMENT 

Since there are various options available in market the consumer has a good option to select 

the product required. However, this process depends on the main factor of finance. With the 

financial constraints, the other factor to be considered is the specifications. It must be 

understood by the consumer that any good quality product is available at a higher price than a 

not so good quality product. It is therefore necessary for the consumer to know more about 

the benefits he gets when he selects a high-quality cement and how best he can put to use 

such benefits considering both technical as well as the economic aspects. 

A high strength cement although preferable to a lower strength cement may not give a 

consumer the complete benefit until and unless it is giving consistently high strength with 

minimum variations. The high strength concrete if specified for any structure will also be 

more desirable from a durability point of view. It is often observed that low strength concrete 

is more vulnerable to environmental forces than high strength concrete but at the same time, 

high strength concrete too needs to be extremely carefully batched, mixed, transported, 

placed, compacted, and cured.  

The durability requirements of the structure are as important, if not more, as the strength of 

the structure. A strong concrete may not result in high performance concrete if the durability 

requirements are not complied with. 

Selection of high-quality cement can only mean a good beginning, but it does not assure the 

consumer of a final product, which is the strong and durable concrete structure. However, 

selection of poor-quality cement or cement of inconsistent quality is like taking a wrong step 

right at the beginning and will certainly lead to the poor-quality concrete structure if not a 

disaster. 

CEMENT STRENGTH CLASSIFICATION 

The most common type of cement used in India is ordinary Portland cement (OPC) and has 

generally grades viz. 33, 43, 45 grade depending upon the 28 days compressive strength. 

IS: 10262-1982 gives us the recommended guidelines for concrete mix design, has classified 

the cement grade wise from A to F, depending upon 28 days strength as follows. 
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Table 1: Classification of Cement grades A to F as per IS: 10262-1982. 

 

*Has been introduced in view of higher grade cement available in India. However, it may 

noted that some brands sold as 53-grade cement generally give 28 days strength of around 

625 to 675 kg/Sq.cm and they can be classified even as G grade cement. However, most of 

the 53-grade cement available in the market generally falls in the category F or above and the 

43 grade cement available in the market are generally in the category D. It must be 

ascertained either from the manufacturer or through laboratory tests the actual strength of the 

cement before it’s use in the concrete mix design to get the maximum benefit of the 

additional strength and superior quality. 

CEMENT SAVING DUE TO HIGH STRENGTH 

The relation between the free water-cement ratio (W/C) and concrete strength for different 

cement strengths (grades A to F) is given in fig. 2 page 8 of IS: 10262-1982. This figure is 

used to determine the W/C of the concrete mix for specified target concrete strength if the 

cement grade is known.The target concrete strength (fm) is calculated using the following 

equation fm=fck+ (t*s) where ‘fck’ is the specified characteristic strength, ‘t’ is the statistical 

constant generally equal to 1.65 for the specified accepted proportion of low results of 1 in 20 

(see table 2) and ‘s’ is the standard deviation, the values of which are selected depending on 

the degree of quality control expected under different site conditions (see tables 3 and 4). 

Table 2: Value of’t’ (IS: 10262-1982) 

 

Grade Range of 28 days strength of cement (kg/cm2) 

A 325-375 

B 375-425 

C 425-475 

D 475-525 

E 525-575 

F 575-625 

*G 625-675 

 

Accepted proportion of low results Time 

1 in 5 0.84 

1 in 10 1.28 

1 in 15 1.5 

1 in 20 1.65 

1 in 40 1.96 

1 in 100 2.33 
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Degree of quality control Expected (IS: 10262-1982) under different site conditions. Table 4: 

Recommended values of standard deviation IS: 10262-1982 standard deviation(s) for a 

different degree of control N/mm. Sq. 

 

From table 4 it can be seen that better quality control results in a lesser value of’s’ and ‘fm’ 

for same ‘fck’. Therefore, cement consumption works out to be lower when the quality 

control is better. Hence, for concrete manufacture better quality control results in greater 

economy. Percentage saving as compared to ‘A’ grade cement. 

Recommendations to improve durability using high strength cement: However, the 

durability requirements as specified in IS 456- under revision must be satisfied depending on 

the various exposure conditions. From table 5 it is obvious that concrete manufactured using 

a higher grade of cement even after considering that lower grade cement may be marginally 

cheaper than the higher-grade cement. 

Requirement of durability as per IS: 456-2000. Maximum cement content, maximum water-

cement ratio and a minimum grade of concrete for different exposures with normal weight 

aggregates of 20 mm nominal maximum size. 

Note 1- Cement content prescribed in this is irrespective of the grades of cement and it is 

inclusive of Mineral Admixtures specifies in IS 456-2000. The additions such as fly ash or 

ground granulated blast furnace slag may be taken into account in the concrete composition 

with respect to the cement content and water-cement ratio if the suitability is established and 

as long as the maximum amounts taken into account do not exceed the limit of pozzolona and 

slag specified in IS 1489 (part 1) and IS 455 respectively. 

Note 2- Minimum grade for plain concrete under mild exposure condition is not specified. 

Grade of concrete (fm) Very good Good Fair 

M10 2 2.3 3.3 

M15 2.5 3.5 4.5 

M20 3.6 4.6 5.6 

M25 4.3 5.3 6.3 

M30 5 6 7 

M35 5.3 6.3 7.3 

M40 5.6 6.6 7.6 

M45 6 7 8 

M50 6.4 7.4 8.4 

M55 6.7 7.7 8.7 

M60 6.8 7.8 8.8 

M10 2 2.3 3.3 
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The figure below shows that F grade cement can be utilized for 200 kg/cm. Sq. Reinforced 

concrete in mild environment condition only while C to E grade cement can be used for mild 

or moderate environmental conditions. However, for high-performance concrete generally, it 

is very important to go for a higher grade of concrete (above M25 grade). If this concrete is 

made with high strength cement then it will fetch both technical as well as a financial 

advantage. shows the extent to which different grades of cement can be used for different 

environmental conditions and various grades of concrete.Water cement ratio vs Average 28 

days’ strength of cement in (kg/ cm.sq.) 

It is generally observed that even today the structural engineers and architects specify the 

M15 and M20 grade of concrete in the coastal area. This has already led to serious durability 

problems and low performance of concrete structures. M15 grade concrete can be achieved 

with W/C much greater than 0.55 if 43 and 53 grades of cement are used and since 33-grade 

cement has now virtually disappeared from the market. All M15 grade concrete structures in 

coastal areas are therefore bound to be a happy hunting ground for concrete rehabilitation 

agencies as is being observed at present. The durability problem is most likely to multiply 

several times if, at the specification stage itself, proper precautions are not taken. Even M20 

grade concrete may not be the correct solution to the durability problem in the 

Urbanized/Industrialized coastal areas. 

Lower grades of concretes with the generally poor type of quality control prevalent are 

observed to be of very poor durability, needing of extensive repairs within a few years. As 

good quality cement are now available it is strongly recommended to go in for higher grades 

of concrete i.e. above M25 grade. This will improve the performance of the structures; prove 

more economical in most cases and in the process of achieving higher strengths it will 

automatically comply with the durability requirements. 

Consistency of cement quality: Concrete mix design(CMD) is one of the techniques to 

determine the most economic proportions of cement, sand, aggregates, water and other 

additives. However, after choosing the economic proportions of various materials any change 

in their physical or chemical property will lead to considerable variations in the desired 

cohesiveness, workability, strength and durability.  

The maximum impact is always due to variation in cement properties and therefore it is not 

only essential that cement should have good strength, proper fineness and correct setting time 

but it is also essential that the variation of its chemical and physical properties especially the 

strength and fineness should be minimal. The good quality in minimizing variations is now 

possible with proper quality control monitoring systems and modern sophisticated 

instrumentation control systems the cement manufacturers have installed in their modern up 

to date plants. 

Quality control in cement manufacture: While high strength is the indication of the good 

physical quality of cement, consistency of this high strength and other physical and chemical 
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properties is an indication of good quality control and superior technology practiced by the 

cement manufacturing company. 

The quality control in the cement manufacturing plant starts from the inspection and testing 

of the limestone. Only after extensive testing for its CaO content, it is utilized, making sure 

that CaO content is uniform. The thoroughly crushed limestone powder is then stored in a 

stacker. It is reclaimed in vertical slices to get homogenous limestone, which is then 

conveyed, to the vertical ball mill, which ensures uniformly crushed limestone. After this, 

homogenization of the limestone is done in the blending silo by means of aeration.Thereafter 

homogenized materials are passed through series of suspension preheaters and are fed into 

the kiln for the production of clinker.  

Hourly samples of clinker are taken and tested to assure uniformly of quality. On line X-ray 

analyzers’ help in ascertaining the variations in compound compositions of the cement so that 

immediate action can be taken to improve the quality of the product if required.The clinker is 

then processed through closed circuit grinding. This ensures proper particle size distribution. 

A device called high-efficiency cyclonic separator, which controls the grinding process right 

down to the specific micron size required, does this.  

After initial grinding in the tube mill, the materials move into the high-efficiency cyclonic 

separator. The separator separates the ground particles into two streams. The airflow exerts 

an aerodynamic force and separates the finer particles (between 5 and 30 microns) from the 

oversize coarser particles (above 30 microns), which are influenced by centrifugal and 

gravitational forces.The coarse particles are collected into grit collection and brought for 

recirculation into the grinding process.  

The fine particles are removed from the air stream in high cyclones mounted symmetrically 

around the separator housing. This process assures that cement has the ideal surface area and 

the ideal proportion of particle size between 5 to 30 microns. This process guarantees the 

highest number of a particle between 5 to 30 microns to the extent of over 50%. Hourly 

samples are taken and tested to assure uniformity of quality. 

The consistency of particle size is checked using sophisticated particle size analyzers, which 

immediately indicate the grain size distribution. Adjustments required in cement productions, 

if any, can be controlled in the plant to obtain the optimum particle size distribution and 

thereby assure consistent quality.If cement has a large number of particles finer than 5 

microns it tends to set quickly producing high early concrete strength without a 

corresponding increase later on.  

This cement is also more susceptible to moisture attack and hydrates fast resulting in 

unnecessary wastage. On the other hand, if cement possesses a large number of particles 

above 30 microns it takes longer time than normal to set and will also display low initial 

strength which increases at a later stage.The cement is then transferred to the packinghouse 

where it is packed in woven HDPE and 4 ply paper bags and transported to various stockiest 

and construction sites. 
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The hourly samples are also collected from the packinghouse to check the quality. Daily tests 

for various chemical and physical properties are done and various parameters are recorded to 

study the monthly variations and to improve the product quality from time to time and 

thereby minimize variations. 

Need for consistency of quality: Many do clearly not understand the importance of 

consistency of cement quality hence a small illustrative example is given below. Assume that 

three brands of cement say AA, BB and CC are available having identical mean strength for a 

particular month of manufacture, say 600 kg/cm. Sq. However, the standard deviations for 

these cement during the same month were different and therefore the characteristic strength 

of this cement and its grade are worked out as below. 

Hence from the above, it can be observed that cement having identical mean 28 days strength 

for the month can be classified as F, E or D based on the variations (standard deviation). It is 

therefore of prime importance to control these variations to the barest minimum so that the 

cement can be classified as a higher grade. It is generally observed that monthly standard 

deviation if ranging between 15 to 25 kg/cm. Sq. can be considered as a good control for 

cement manufacture. 

There are Additional Cost Savings Associated with using High-Quality Cement that are 

Worth Noting. 

Besides saving of concrete quantity and cement cost per cubic meter of concrete, there are 

several other advantage and savings due to the use of high strength cement. It is observed that 

the best advantage of specifying high strength cement is derived if, at the planning and design 

stage itself, high grades of concretes are specified.  

The higher-grade concretes may have a smaller cross-sectional area under identical 

conditions and thereby the quantity of concrete reduces considerably. The saving in concrete 

quantity can easily between 1% of 25% depending on the type of structural member, its 

layout and its function. However, in addition to this saving, higher grades of concrete will be 

less permeable and more durable than lower grades. 

CONCLUSION 

• A reduction in the amount of reinforcing steel used. 

• A decrease in the necessary amount of formwork has been implemented. 

• There will be a reduction in the amount of labour required for finishing touches such as 

plastering, painting, etc. 

• The construction process takes less time and requires fewer personnel, which is one of the 

many benefits. 

• There will be more carpeted space available within the building. 

If high cement is defined during the design stage itself and used for the construction of a 

high-grade concrete structure, then the overall cost of the project will be lower than it would 

be if a lower-grade cement was specified. The end user will reap the benefits of this in the 
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form of a structure that is not only more robust but also more long-lasting and cost-effective. 

Now that we have access to high-grade cement, it is conceivable to simultaneously achieve 

quality, speed, and economy. Therefore, ensure that your concrete structure is both "quick" 

and "long-lasting." 
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ABSTRACT – In the present study, artificial neural network technique has been employed to predict 

monthly rainfall for Medak, Khammam and Warangal stations of Central Telangana, India. The eighty-

five years (January, 1901 to December, 1985) of rainfall data were used for training of models and 

twenty-eight years (January, 1986 to December, 2014) of rainfall data were used for testing of models. 

Gamma test, autocorrelation function and cross correlation function were used for selection of 

appropriate input variables. The ANN models were trained using multilayer perception with two 

learning rules i.e. Levenberg-Marquardt and Delta-bar-delta and two transfer functions viz. Sigmoid 

axon and Tanh axon. It was observed that the better results of monthly rainfall prediction of developed 

models were observed when rainfall of adjoining stations was used as inputs variable as compared to 

lagged rainfall of the same station. suggest that the M-8 model, K-7 model and W-5 may be used to 

predict monthly rainfall of Medak, Khammam and Warangal stations respectively for Central 

Telangana region. 

Keywords- Rainfall, neurons, runoff, networks and monsoon. 

INTRODUCTION 

Changes in water quantity are occurring mainly as consequences of global and local changes 

actuated by environmental factors, climate change and human induced changes. Rapid 

population growth and increasing economic activity have brought new challenges to the 

management of available water resources. Although irrigation is the main water 

consumption, it is likely to continue in India at present and in the years to come, with demand 

from other sectors such as drinking and industry increasing significantly. Therefore, it is 

necessary to properly assess the capacity of water resources. Without a reliable assessment of 

resource availability, it is impossible to properly plan, design, build, maintain and manage 

water resources projects to meet competitive demands such as irrigation, drought and flood 

management, domestic and industrial water supply, and power generation., fisheries and 

navigation. Water resources (surface water and groundwater) are restored through a 

continuous cycle of evaporation, precipitation and runoff. The water cycle is driven by global 

and climatic forces that introduce variation in precipitation and evaporation, which define 

runoff patterns and water availability over space and time (modulated by natural and artificial 

storage). Observations made over the past decades and predictions from climate change 

examples indicate the severity of spatial and temporal variations of water cycle dynamics 

(IPCC, 2013) [6]. When data is not sufficient and getting accurate predictions is more 

important than conceiving the actual physics, empirical models remain a good alternative 

method, and can provide useful results without a costly calibration time.Soft Computing is an 

emerging field and its main ingredients are fuzzy logic, neural computing, evolutionary 
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computation, machine learning and probabilistic reasoning. ANN model is a black box 

models with particular properties which is greatly suited to dynamic nonlinear system 

modeling. The artificial neural network (ANN) technique for rainfall prediction is adding a 

new dimension to the system theoretic modeling approach and it is applying in recent years, 

as a successful tool to solve various problems. Of the rainfall-runoff process. ANN is also a 

powerful tool in solving complex nonlinear river flow forecasting problems and in particular 

when the time required generating a forecast is very short. Mathematically, an ANN can be 

treated as a universal approximation technique having an ability to learn from examples 

without the need of explicit physics (ASCE, 2000a, b) [2]. 

METHOLOGY 

Telangana state was isolated from north western part of Andhra Pradesh on 2 June 2014 as 

the recently formed 29th state of India with Hyderabad as its capital. The Godavari and 

Krishna are two major rivers basin spread in Telangana state. Based on agro-climatic zone, 

Telangana state is divided into three zones namely northern Telangana zone, central 

Telangana zone and southern Telangana zone. The study area is central Telangana zone and 

consists of Medak, Warangal and Khammam districts of Telangana state. This section deal 

with location, climate and soil attributes of the study area. 

Location: The study was conducted in central Telangana region which includes three 

districts i.e., Medak. The details of rain gauge site and data length of rain gauge stations are 

given in Table 1. 

Table1 Detail of Rainguage 

District Latitude Longitude Altitude, (m) Data 

Medak 18.03°N 78.27° E 442 1901-2014 

Warangal 18.00° N 79.58° E 302 1901-2014 

Khammam 17.25° N 80.15° E 107 1901-2014 

Data Acquisition: The monthly rainfall data for the period from January1901to December 

2014 for Central Telangana region namely (Medak, Warangal, Khammam) were obtained 

from Indian Water Portal site from (1901 to 2002) and from Indian Meteorological 

Department (IMD) of respective districts (2003 to 2014). 

The monthly data of rainfall for 113 years from January 2001 to December 2014 were 

divided into two phases. The first phase is used for training. The training phase used 85 years 

of data from January, 1901 to December, 1985, and the second phrase 28 years data from 

January 1986, to December 2014 for validation of developed models. 

Development for rainfall prediction models: The prediction of rainfall is enormously 

complex, vibrant, dynamic and nonlinear process, which is affected by many factors which 
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are frequently inter-related. The methods used for rainfall forecasting range from completely 

black-box models to very detailed conceptual models. Historically, hydrologists and 

researchers have used two types of models: 

(a) deterministic/conceptual models that consider the     dynamics of the principal process, 

(b) systems theoretical/black-box models that do not consider the principal dynamics of the 

process. 

Moreover, a black box model is an input–output pattern of which there is no erstwhile 

information available and these models define the casual link between input-output 

patterns by alteration. One of the approaches for system theoretical modelling based on 

artificial neural networks has recently become very popular in the field of hydrological 

modelling and engineering due to their simplicity and adaptability to mug up and gather 

information from situation. In the present study, artificial neural network models with 

different activation functions have been developed for prediction rainfall on monthly basis. 

As the prediction of monthly rainfall is a complex and dynamic process and it needs a 

proper time lag for its prediction. Therefore, for development of rainfall prediction, different 

combinations of lag rainfall (i.e. rainfall of current month, previous one month, previous 

two month, previous three month and four month) as input and rainfall of current month as 

output were used in runoff prediction. 

CONCLUSION 

This chapter deals with selection of best input variables based on autocorrelation function, 

cross correlation function and Gamma test for development and applications of artificial 

neural networks model to predict monthly rainfall for Central Telangana districts Medak, 

Warangal, Khammam using monthly rainfall data of one hundred and thirteen years of period 

(January 1901 to December 20014). The data was divided into two sets viz. training data set 

(January, 1901 to December, 1985) and testing data set (January 1986, to December 2014) 

and were used for training and testing of developed models. 

Artificial neural networks have been proven to be the most successful tool in dealing with 

highly complicated problems due to their powerful capability to model non-linear systems 

without the need to make any assumptions. The task here was more complicated because in 

the field for meteorological observations all decisions were to taken in the visage of 

uncertainty. Artificial neural network software was used to train multilayer feed-forward 

neural network with back propagation algorithm. The transfer functions Tanh Axon and 

Sigmoid Axon with learning algorithm (Levenberg-Marquardt and Delta Bar Delta) were 

used in this study for month. 
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ABSTRACT: A series of new low calcium CO2 sequestration cementitious materials (LCC) with 

different Ca/Si ratios were prepared by sintering waste concrete fine powder (WCP) and calcium 

carbide slag (CCS) at different ratios. Their carbonation reaction activity, carbonation hardening 

properties, phase assemblages, and microstructure were systematically characterized. The results 

showed that when the WCP: CCS ratio was 70:30, the compressive strength of LCC reached 38 MPa 

after carbonation for 24h. With the decrease in the WCP: CCS ratio, the carbonation activity of LCC 

increased significantly. When the WCP: CCS ratio was 45:55, the compressive strength was increased 

to 109 MPa. Microstructure tests showed that the minerals of LCC gradually changed from CS and 

C2AS to C3S2 and C2S. After carbonation, unreacted clinker particles, crystalline CaCO3, and highly 

polymerized silica formed a dense microstructure, and the impurities of Mg element in the LCC 

triggered the formation of aragonite. 

INTRODUCTION 

Cement is the second most consumed material in the world, but cement production is 

accompanied by high energy consumption and high CO2 emissions . In 2021, 4.3 billion tons 

of cement were produced globally, which generated about 2.3 billion tons of CO2 and 

accounted for about 6.5% of global CO2 emissions . Excessive CO2 emissions can lead to an 

increase in the global greenhouse effect , therefore, it is important to reduce CO2 emissions 

from the cement industry. 

Much work has been done in the cement industry to reduce CO2, such as the use of 

alternative fuels with clean energy in the sintering process , alternative calcareous raw 

materials , the development of low calcium clinker , the use of low-temperature sintering or 

non-sintering methods to prepare cementitious materials, and CCUS technology . Among 

these pathways, carbonation-hardening cementitious materials with low-calcium minerals 

(C2S, C3S2, CS) as the main minerals, also previously reported as low-calcium 

CO2 sequestration cementitious materials (LCC) , have received worldwide attention for their 

ability to not only greatly reduce CO2 emissions during cementitious material production, but 

also to sequester large amounts of CO2 gas during carbonation curing and to prepare 

prefabricated building products with excellent properties. 

Lu et al.  sintered LCC containing C3S2, γ-C2S and a small amount of C2AS at 1320 °C using 

chemical reagents. The CO2 uptakes and compressive strength achieved 21.2% and 

46.5 MPa, respectively, after carbonation for 6h. Chang et al. sintered LCC composed of β 

and γ polycrystalline C2S at 1450 °C using chemical reagents and the early strength reached 

46.3 MPa for carbonation 2h. Qian et al.  prepared LCC with C3S2 and CS as the main 
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minerals at 1300 °C using industrial limestone and sandstone. Guan et al.  sintered a γ–C2S–

based LCC at 1300 °C. The flexural and compressive strengths reached 10.10 MPa and 

61.82 MPa after carbonation for 24 h. The above results show that the LCC can achieve high 

strength after short-term carbonation. However, the raw materials used in those studies were 

chemical reagents or industrial raw materials. The CO2 emissions from the decomposition of 

CaCO3 in the raw materials were also the cause of high CO2 emissions in the production of 

LCC. Thus, industrial solid wastes containing CaO can be used as calcareous sources to 

prepare LCC. 

Waste concrete fine powder (WCP) is a fine powder produced during the crushing of waste 

concrete. According to statistics, the annual construction waste generated by construction, 

demolition, and renovation has reached about 3.5 billion tons worldwide, of which waste 

concrete accounts for about 35% . Many studies have reported the recycling of crushed waste 

concrete as recycled coarse aggregates . However, crushed waste concrete also contains 30% 

WCP, whereas the utilization of this WCP is still a problem that needs to be solved. 

Shen et al. produced a high-value-added supplementary cementitious material by wet 

carbonation of WCP, which can improve the strength and durability of concrete. Chen et al. 

used WCP to prepare low-heat cement with rapid early setting and late high strength. Pyo et 

al.  investigated the effect of thermal-mechanical activation of WCP on the properties of 

cement mixtures and found that thermally activated WCP could effectively improve its 

reactivity and achieve comparable compressive strengths to OPC at a maximum substitution 

rate of 40%. The WCP contains a large amount of Si and Ca and could replace traditional raw 

materials to prepare LCC, which could further reduce CO2 emissions in the cement industry . 

Calcium carbide slag (CCS) is a solid waste from the hydrolysis of calcium carbide to obtain 

acetylene gas, with Ca(OH)2 as the main component. Acetylene gas can be further used to 

prepare polyvinyl chloride(PVC). However, nearly 20 tons of CCS are produced in each ton 

of PVC production. Due to its large quantity and high alkali, untreated CCS will block sewers 

and clog riverbeds, endangering fisheries production when deposited at landfills. Therefore, 

its disposal and utilization are urgent . The CCS has been used as a concrete binder and 

alkaline activator [39,40]. In addition, CCS has almost no CO2 emissions during calcination 

and decomposition, so it can be used as a high-quality calcium resource to replace limestone 

for sintering cement clinker. However, there are still a few related studies focusing on the 

reuse of CCS in the production of LCC. In addition, the effect of impurity ions in CCS on the 

sintering and carbonation hardening properties of LCC is not clear. 

Therefore, this study aims to prepare a series of new LCCs with different Ca/Si ratios by 

sintering WCP and CCS at different ratios. The carbonation reaction activity, carbonation 

hardening properties, phase assemblages, and microstructure were investigated by pH and 

conductivity, X-ray Diffraction (XRD), thermogravimetric analysis (TG), Fourier transforms-

infrared spectroscopy (FT-IR) and scanning electron microscopy (SEM) to reveal the 

relationship between clinker mineral composition and hardening properties. The effects of 

impurity ions in WCP and CCS on the sintering and carbonation hardening properties of LCC 
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were also discussed. The outcome of this study would provide important guidelines for the 

preparation of LCC from industrial solid waste. 

Materials: The WCP was collected in the process of crushing waste concrete and provided 

by Henan Jiaozuo Qiangnai Group Co., Ltd, which mainly consisted of powders with particle 

sizes <0.15 mm. The CCS was the semi-wet slag from Henan Jiyuan Lianchuang Chemical. 

The WCP and CCS were stored after drying and grinding, and their chemical and 

mineralogical compositions are shown in and According to the XRD patterns, the main 

minerals of WCP are SiO2, CaCO3, and C-A-H.  

Burnability: Based on the principle that the clinker has less than 1.5% f-CaO and does not 

produce a large amount of liquid phase to avoid accidental melting, the suitable sintering 

temperatures of LC-70, LC-65, LC-60, LC-55, LC-50, LC-45, and LC-40 were measured to 

be 1150 °C, 1150 °C, 1200 °C, 1200 °C, 1250 °C, 1300 °C and 1300 °C respectively, through 

sintering tests at different temperatures.  

CONCLUSIONS 

This study aims to prepare LCC by replacing all-natural raw materials with two solid wastes. 

The following conclusions can be drawn. A series of new LCCs with different Ca/Si ratios 

were prepared by sintering of WCP and CCS at different ratios (70:30, 65:35, 60:40, 55:45, 

50:50, 45:55, 40:60). Moreover, as the proportion of WCP in the raw materials decreased, the 

sintering temperature required for clinker sintering increased from 1150 °C to 1300 °C, while 

the sintered minerals changed from CS–C3S. 
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ABSTRACT:  We build our infrastructure projects (IPs) with a specific project timeline within which 

we expect them to be effective; however, there are times when they are inadequate and fail. Since this 

failure can be partly explained by climate change (CC) impacts, we recommend IP "protection against 

climatic influences." In this paper, we ask the following research question: "What kind of intellectual 

property do we need to be "climate-proof"?" To answer this during the survey, we conducted a 

literature review and first identified the main impacts of CC on our IP, which we present in the form of 

a flowchart. Financially, we describe critically with examples how our "climate-proof" intellectual 

property should be sustainable, green, smart, innovative, and have a low environmental impact. Third, 

we discuss the important role of social justice in prioritizing our climate-proof intellectual property 

and the importance of private funding, especially public funding. The involvement of the private sector 

and the need for well-informed and properly educated engineers and other scientists that should 

materialize our intellectual property is "climate-proof." 

Keywords: Climate change; Infrastructure projects; Climate proofing; Climate resilience. 

INTRODUCTION 

Climate change (CC) refers to large-scale changes in average weather indicators such as 

temperature. Precipitation, wind patterns, and other meteorological factors are it happens over 

years, decades, centuries, or more. CC about it Long-term trends, such as changes in 

temperature, humidity, or the state of dryness. T 

hese features may be due to natural changes in weather over time and human activities that 

add to the climate. Greenhouse gas (GHG) emissions such as burning fossil fuels for energy 

[1] CC create natural disasters that become natural disasters. When people's lives and 

livelihoods deteriorate [2]. Tables 1-3 Show the basic characteristics of natural disasters that 

occur around the world. Finally, according to the epidemiology research centre, of the 

disasters, it shows the following: 

(1) The world faces 1178 natural disasters. Mainly (90%) weather-related,  

(2) More than 292 million people have been affected by natural disasters. There were floods 

(25%), storms (25%), and droughts (17%). And fires (2%), 

(3) Economic losses from natural disasters amounted to $163.4 billion, with storms (55%), 

floods (27%), wildfires (9%), and Dry (4%) accounts for about 95% of the total costs [3]. 
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Table 1: Number of natural disasters worldwide. 

NaturalDisaster 2018 2019 2020 

Droughts 15 16 11 

Floods 135 200 200 

TemperatureChanges 29 26 9 

SevereStorms/Winds 90 96 140 

Wildfires 15 18 10 

Landslides 13 25 19 

Total climate related 308 362 389 

Total 338 442 398 

Table2: Number of people affected in millions. 

Natural Disaster 2018 2019 2020 

Droughts 26 23 19 

Floods 34 35 34 

Temperature Changes 0 0 0 

Severe Storms/Winds 20 38 45 

Wildfires 0 10 0 

Landslides 0 0 0 

Total climate related 80 106 98 

Total 85 108 99 

Table3: Economic losses in billions of US dollars. 

Natural Disaster 2018 2019 2020 

Droughts 9.4 0.135 7.5 

Floods 19.7 36.82 51.45 

Temperature Changes 0 0 0 
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Severe Storms/ Winds 72.8 57.63 93.22 

Wildfires 22.8 3.73 11.17 

Landslides 0.93 0.2 0.13 

Total climate related 125.6 98.52 163.4 

Total 133.7 100.9 172.4 

ASCE defines 17 categories of infrastructure.Projects (IP): roads, ports, railways, bridges, 

planes, walls, and drinking water.water, energy, hazardous waste, waterways, surfaces, and 

parksand recreation, schools, solid waste, wastewater, transportation, andwastewater [4]. We 

design our IP with a design life, over time.which we hope will be good. In some cases, 

However, IP proved inadequate and failed; this lackseems to be increasing in recent 

years.CC, which increases the natural disasters that occur afterwards.natural disasters.  When 

we do not consider CC in the designIP, the latter of which can not only reduce but also create 

the problem. Because For example, a dikes keeps water away from a certain area, but also 

Keep the water in if the wall is high or the area is flooded because of it. It's very local. In 

recent years, management has discovered that. The importance of connection between IP and 

CC, September In 2015, each United Nations member country received a The Sustainable 

Development Goals (SDGs) aims to end and prevent poverty. Planet and ensure that inclusive 

health is achieved. 

Until 2030 [5]. The goal of SDG 9 is "Industry, Innovation, and Infrastructure" and SDG 11, 

"Sustainable Cities and Communities," is a direct Link between IP and CC On March 3, 

2021, ASCE began A four-year report for the US IP [4] that is evaluated Use grade: A 

(exceptional), B (good), C (moderate), or D (poor).and E (failure), based on US infrastructure 

acceptance Grade C, which shows a small increase from D+ in 2017 and so on these 

instructions: 

(a) Smart investments are needed as soon as possible.with strong leadership, determination, 

and transparency the country's infrastructure 

(b) There should be more long-term and continuous investment.(The country spends half of 

what is needed to support IP approximately $2.6 billion to close the 10-year investment gap. 

(c) Advances in energy efficiency are desirable and innovative.methods, materials, and 

technologies to enable IPresilience, or quick recovery from natural or man-made hazards. 

On August 10, 2021, the Senate passed it bipartisan.(President Joe Biden's Infrastructure), 

which includes new legislation$550 billion in transportation costs (roads, bridges, 

etc.)Railway), electricity (high-speed internet and water), pollution, and other measures to 

combat CC, including a potential $28 billionnetwork infrastructure, resilience, and trust (to 

support each other) expanding access to clean energy) and $46 billion, respectively, reduce 

damage from floods, fires, and droughts. 29 days again July 2021, the European Commission 
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"Technical guidance on the climate assessment of infrastructure at this time.2021-2027" 

[6].climate testing is an integrated process.Measures of mitigation (neutrality) and adaptation 

(resilience) of climate changein the development of intellectual property. The guide 

corresponds to the following the requirements set forth in the legislation for the various EU 

funds, In particular, Invest EU, Connecting Europe Facility (CEF), and European Regional 

Development Fund (FEDER) and Cohesion Fund (FC) Just Transition Fund (JTF): 

a) Interdependence with the Paris Agreement and the EU climateObjectives. 

b) Follow the principles of "energy efficiency first" and "no"No major harm."  

Organizations can use the guide, and European private investors to make informed decisions 

onIP follows a procedure that includes evaluating the climate-related risks your IP address 

may face in the coming years based on the data.Which can include national or regional CC 

projections, the long-awaited update to the UN Climate Science Report is expected 

inAugust.  If significant risks are identified, the developer mustIP redesign to manage and 

reduce them, for example.It can involve changing the design of physical assets to deal with 

them.High temperatures or create emergency response systems.Floods [7-9]. 

In this paper we pose the following research question "what IP Do we need it to be 'weather 

proof'?” To answer this question, we carried out a bibliographical survey and first of all we 

identified the main CC impacts of our IP that we present with a flowchart. Second, we 

critically describe with examples the characteristics of our IP it should have to be 'weather 

proof'. Third, we discuss the issues of social equity in prioritizing our 'climate proof' IP, the 

importance of private funding, and the need for well-informed and properly educated 

engineers and other scientists, who are It is expected to materialize our "weather proof" 

intellectual property. 

Climate Change impacts on Infrastructure Projects: Based on the literature, I created the 

flowchart in Figure 1. This shows the main impact as CC on IP starts its tracks. From changes 

in "climate index" and "natural disasters" development. To simplify Figure 1, I've included 

the main six elements. Schedule 1 natural disasters and six broad categories of intellectual 

property. They are shown in Table 4. Each IP class has different types. Countermeasures 

against CC effect to be considered Stages of intellectual property development [10,11]. For 

example, Figure 1 Represents the rise in the climate index "temperature" Creates the risk of 

consequent "temperature change". Effects of “damage to roads, railways, bridges, sidewalks, 

etc.” IP "transport". Specified IP may be affected "Road" that changes the layout by planting 

roadside trees Reduces exposure to road heat and provides cooling Through green and blue 

infrastructure such as parks and lakes, As well as street trees and other shade [12]. Typically, 

Various methods in the literature for each category of IP Adapt to CC effects by changing the 

design and build of this purpose. 
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Table 4: Category of IP and its symbol in Figure 1. 

Category of IP Symbol 

TRANSPORT: Roads, ports, rail, bridges, transit, aviation, transit etc TRA 

WATER: inland waterways, dams, drinking water, storm water, levees, etc. WAT 

ENERGY ENE 

ENVIRONMENT: Wastewater, hazardous waste, solid waste, etc. ENV 

TELECOMMUNICATIONS TEL 

BUILDINGS / built systems: Hospitals, government buildings, schools, etc. STR 

The needs for ‘Climate Proof ’ Infrastructure Projects 

This section of the book addresses the following basic needs: Developed IP "Climate Proof" 

based on current international standards literature and experience. 

1. A flexible IP that "bends but does not break" is required. Many even existing or new IP do 

not consider the impact of CC. that's how they do it can create risks. Need to design and build 

new IP It's flexible, adapts to CC, and can "bend and not break". Of In this way they are able 

to recover in what is likely to be an increasingly difficult situation horrible situation. 

The Six Principles of Resilient IP (P1 to P6) and their objectives (G1 to G6) are the following 

[13]:  



INTEGRATED SOLUTION: SEM 2023  ISBN: 978-81-961781-0-9 

293 

(P1) adaptive transformation - (G1) adaptation and transformation into changing needs. 

(P2) Environmentally integrated - (G2) positively functioning in a way that integrates with 

the natural environment.  

(P3) Protected by Design - (G3) Infrastructure Design i.e. Ready to face dangers.  

(P4) Socially engaged - (G4) Developing an active commitment, Engage and share with 

people. 

(P5) Shared responsibility - (G5) Sharing information and Experiment to get coordinated 

benefits.  

(P6) Continuous learning - (G6) Develop understanding and Information about infrastructure 

resilience. 

2. We need a green IP. Green infrastructure is a strategy A planned network of natural and 

semi-natural spaces with another Environmental features that are designed and managed to 

provide a wide range of ecosystem services, such as water filtration, Air quality and space for 

recreation and climate protection [14]. This Green (terrestrial) and blue (water) grid can be 

improved environmental conditions and, consequently, the health and well-being of citizens. 

Quality of life; In addition, it supports the green economy and job creation opportunities and 

enhance biodiversity. Green IP addresses are suggested by the European Commission within 

the framework of the Green Initiative infrastructure strategy [15], which to.  

A.Green IP development across the EU to submit Economic, social and environmental 

benefits and contribution to 

sustainable growth,  

B. Its implementation at the EU, regional, national and local level. levels through its 

integration into EU financing flows. 

The green infrastructure strategy is integrated into The policies are as follows: to.  

A. Climate change policies through ecosystem-based adaptation [16], 

B. and innovation policies via nature-based solutions (note) [17], 

C. Policies through natural water retention measures [18],  

D. Policies through a multi-ecosystem delivery approach Services and rich biodiversity [19]. 

We can use Green IP to mitigate the negative effects of CC, for Example via:  

A. Less tree species and forest practices vulnerable to storms and fires, 

B. urban heat islands [20] 

C. Apart from land corridors for migration of species [21] 

Green IPs is especially important for natural floods Management in watersheds and coastal 

areas, for example through: to.  



INTEGRATED SOLUTION: SEM 2023  ISBN: 978-81-961781-0-9 

294 

A. natural flows through coastal reorganization [22], 

B. rivers with their floodplains [23], 

C. Wetlands to store flood waters and stop floods, 

D.  Reservoirs in agricultural areas to store flood water during flood events, for me. 

sustainable urban drainage using green spaces, permeable surfaces and green surfaces 

[24,25]. 

3. We need a smart IP. We are constantly searching improve the effectiveness of our 

intellectual property; This search along with Evolution of Information and Communication 

Technology (ICT) Led to the concept of Intelligent IP (Cyber Systems), where Enabling 

technologies, such as connected sensors and big data Analytics is integrated with the physical 

infrastructure to achieve it Real-time monitoring, efficient decision-making, and optimization 

Service provision [26].  

Potential benefits of Smart IP include:  

a) Maintenance costs b) Damage, and disruption costs (traffic congestion or power blackout)  

c) Quality and value of service (on-demand use and flexible tariffs)  

d) Protection of human life (less road accidents or better response to disasters, including these 

related to CC). 

These advantages contribute to sustainable urban growth [27]. Smart IP has been applied in 

various fields, including electricity. distribution systems [28], water and sanitation services 

[29], Automatic Toll Collection Systems [30], Intelligent Transfer [31] Systems, emergency 

services and monitoring Infrastructure assets, such as tunnels, bridges, and dams [32]. Most 

of the above applications are done on a smart system Cities, which are municipalities that use 

ICTs to increase employability Efficiency and information sharing with the public improves 

both The quality of government services and the welfare of citizens. the key The components 

of smart cities are as follows [33]:  

A. smart buildings that can reduce water consumption by 30%, 40% energy consumption 

and 30% maintenance costs.  

B. Smart mobility reduces congestion and encourages Cheaper and faster transportation 

options, usually through Exploiting big data collected from different mobility patterns To 

help comprehensively improve traffic conditions. 

C. Smart energy management systems to automate, monitor, and optimize energy 

distribution and usage, via sensors, advanced meters, renewable energy sources, digital 

controls, and analytic tools, including distributed renewable generation, microgrids, smart 

grid technologies, energy storage, automated demand response, and virtual power plants. 

D. Smart water management that typically uses digital technology to help save water, cut 

costs, and improve water distribution reliability and transparency; typically, it involves 
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the performance of analyses of the available flow and pressure data in real-time to detect 

anomalies, such as leaks. 

E. Smart waste management that reduces waste, categorizes waste types at the source, and 

develops waste handling methods via the use of sensors, connectivity, and the Internet of 

Things 

F. Smart health systems, for example via using big data to make predictions or identify 

population health hotspots, such as epidemics or health impacts during extreme weather 

events. 

4. We need innovative intellectual property. We need innovative solutions and creative 

engineering achievements in our intellectual property. Innovation Thriving in all phases of 

exciting infrastructure development New ideas are being generated all over the world; These 

include The following [34]: 

A. Building Information Modeling (BIM). BIM indicates A digital model (software program) 

of a building that provides information about its components at all stages of development, 

Beyond Technical 2D Graphics and Computer Aided Design, and Professionals, from 

architects to engineers and Building managers to collaborate. It is widely believed that BIM 

has Potential savings of between 15 and 25% on global infrastructure market by 2025 [35]. 

Moreover, BIM transcends time and Saves money and provides opportunities in construction 

Not only for "weatherproof" buildings, but also for waste and energy management [36]. 

B. 3D printing. It is an additive manufacturing process Create a physical (3D) object from a 

digital design; the operation It works by applying thin layers of material in liquid form or 

plastic, metal or pulverized cement, and then melt the layers together [37]. As BIM improves 

IP design, so does 3D printing 

It changes the way an IP is actually generated on a site. There Several ways 3D printing 

combats CC, including reduction Product residue and emissions. IP 3D printing applications 

Include building components, such as minimally invasive concrete material waste, fasteners 

with greater design flexibility, 

Construction tools, high performance addressable and efficient Communication antennas and 

valves [38], as well as entire buildings [39] and bridges [40]. 

C - huge wooden structures. Collective timber is increasingly replacing other building 

materials such as cement and steel; New products such as CLT (cross-laminated lumber, 

which is formed by stacking and gluing vertical layers of wood) and glulam (glulam, which 

consists of stacking and gluing layers of wood directly on top of each other) are enabling 

wooden taller and stronger buildings Mjøstårnet in Brumunddal, Norway , is the tallest 

wooden building in the world; It is an 18-storey mixed-use building with a height of 85.4 

meters that was completed in March 2019[41]. Replacing traditional building materials with 

plywood is expected to reduce construction phase emissions by 69%, which corresponds to 

an average reduction of 216 kg CO2 h/m2 of built-up area, while wood is in half of urban 
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construction The new ones could achieve emissions targets of 9% by 2030 [42]. It should be 

noted, however, that attention should also be given to the thermal effects of this substitution 

or to what degree the climatic benefits may be exaggerated or offset by the thermodynamics 

of the changing forest landscape, as well as the forest morphology and physical significance. 

urban buildings. This area of research, as well as forest management strategies and the 

building design standards that may arise from it, presents a major challenge to a generation of 

architects, engineers and climatologists focused on restoring and rebalancing our climate. 

[43]. 

d- Plastic walkways. It is made entirely from recycled plastic components or mixed with 

other materials, such as the asphalt used in traditional road construction. Advantages over 

asphalt include a faster installation time, 3 times longer shelf life, and the introduction of an 

efficient way to recycle the plastic that ends up in our oceans and landfills [34]. Plastic 

walkways are hollow to allow room for utility pipes and rainwater drainage; It is also covered 

with a special coating to prevent the leakage of microplastics, which often end up in our food 

supply. In 2021, 703 km of roads in India were built using plastic waste [44]. 

E. Distributed Ledger Technologies (DLT). DTL, like blockchain, has the potential to 

improve existing processes and systems by acting as a digital enabler across the entire 

infrastructure value chain [45]. Blockchain is a digital ledger or database that helps verify and 

track multi-step transactions. While it may be better known for the structure behind the 

Bitcoin cryptocurrency, it finds uses in everything from product sustainability tracking to 

real-time pollution monitoring [46]. Blockchain can remove the many layers of contracts and 

intermediaries that stand between the conception of an IP and its delivery. Blockchain's 

ability to support smart contracts can be used to pay for important aspects of an infrastructure 

asset (for example, a subway car or critical parts of a ventilation system) by unlocking direct 

payments over time to the provider. carrier or installer. . Without a network of separate 

contracts and intermediary parties [34]. The OECD Case Study Report identifies key areas 

where blockchain is already impacting the provision of sustainable infrastructure services and 

presents four original case studies where blockchain can deliver value across the enterprise 

lifecycle. infrastructure [45]. 

5. We need an IP with a reduced carbon footprint. Almost 70% of global greenhouse gas 

emissions come from the construction and operation of IP, primarily including buildings and 

transportation. The Overseas Development Institute estimates that more than 720 million 

people could fall back into extreme poverty by 2050 due to CC effects, while the World 

Health Organization predicts that the number of deaths attributable to the harmful effects of 

emissions from major infrastructure industries will increase. from 150,000 in the current year 

to 250,000 by 2030 [47]. Therefore, we need to use more low-carbon IP such as carbon-

neutral buildings, railways (instead of carbon-emitting trucks), subways, light rail (instead of 

cars), and renewable energy projects, such as solar, wind, and hydropower (instead of IP 

using fossil fuels). The development of digital technology offers the opportunity to reduce the 

current high carbon footprint; A recent study indicated that the level of digitization with 
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respect to carbon-related fields is still at an early stage, and academic and practical efforts are 

required to promote digital development facing the challenging issue of CC [48]. 

Ensure that our intellectual property is flexible, green, smart, and innovative and Having a 

low carbon footprint isn't enough. We need to get our priorities in order bye; We need to 

specify which IP address to check today against Where we can wait and see an approach to 

allocate our IP address as weather changes. Theoretically, we can combine information From 

Tables 1-3 showing the most important weather hazards and Figure 1 shows the main 

implications of these risks for intellectual property To determine which IP deserves priority. 

In practice, however, this Simplified approach is not possible due to many other factors. 

As intellectual property interaction with our society that must be guaranteed Community 

resilience as well. In the event of a failure of the electrical systems during a Storm, we must 

ensure that backup plans are in place People still have access to water, heat and medical care. 

These Plans must start with our most vulnerable communities. thus, We need intellectual 

property with social justice. Based on a FEMA study on Floods [49], the poor, racial and 

ethnic minorities, the elderly, Tenants, non-native speakers of English and people with 

mobility Allied was disproportionately affected by flooding in each district. The important 

difference between urban areas was the level of citizen empowerment, starting with higher 

organization 

Neighborhood groups and citizens (Chicago) at lower levels of citizens Share (Baltimore). 

Privileged families are the most likely We have the resources to overcome disasters by 

moving, pushing repairs and use the savings to make up for lost income. So, Disadvantaged 

families tend to be hardest hit, even For the same level of physical disorders. They are also 

often Most affected live in high-risk areas. In addition, disadvantaged communities often 

have difficulty accessing recovery funds. and advocating for infrastructure reform. Also, 

recently, strong links have been found between design features of the built environment and 

historical housing policies that may be directly responsible for the disproportionate exposure 

of disadvantaged populations to current heat events. Addressing urban heat island effects by 

paying attention to built and natural infrastructure in cities can help address these inequalities. 

We need to engage sociologists, psychologists, communicators and educators along with 

engineers to address equity issues around intellectual property. In addition, we may need to 

update the methods used to assess risks and vulnerabilities and to identify cost-benefit trade-

offs so that small or poor communities are not overlooked [50]. The role of private finance in 

the development of intellectual property is also very important. We need to improve the 

attractiveness of IP for private financing and public-private partnerships (PPPs) [51]. For this, 

we need more transparency in the IP generation process, more certainty regarding the 

framework conditions for project implementation and less risks for the operational phase. A 

long-term portfolio of infrastructure projects and better, broader, and more independent cost-

benefit analysis are the main levers for achieving this [52]. 

Last but not least, we need engineers and other scientists who are properly informed and 

educated. Universities, research institutes, societies, associations and organizations should 
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include “climate-proof” IP-related topics in their research, teaching and teaching capacity 

building programmes. Indicative examples are the master’s course “Urban Digital 

Transformation and Innovation: Governance and Economics of Cities” at Erasmus University 

Rotterdam [53], the 8-week course “Delivering Sustainable Infrastructure: Theory and 

Practice for Building” at the University of Cambridge [54], and the training course “Audit 

Climate for Infrastructure Investments” of the Center for Rural Development (SLE) of the 

Humboldt University zu Berlin [55]. Similar procedures have been implemented by civil 

engineering organizations such as ICE and ASCE. ICE has established a climate literacy 

program and plans to reflect this in its requirements for membership degrees and scholarships 

[56], while ASCE is focused on how to make infrastructure more resilient against climate 

change [57]. 

CONCLUSION 

We asked the following research question "What IP address do we need to be 

'weatherproof'?" To answer this question, we conducted a literature review and first identified 

the main CC effects of our IP address which we present with a flowchart. Second, we 

monetarily describe with examples that our “weatherproof” IP should be resilient, green, 

smart, innovative, and have a low carbon footprint. Third, we discuss the important role of 

social justice in prioritizing our “climate-resilient” IP, the importance of private funding, 

primarily through public-private partnerships, and the need for well-trained engineers and 

other scientists. who are expected to achieve our IP "weather proof". 
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ABSTRACT-Reinforced with hybrid fibres Both bending and tensile tests were performed on the ferro 

cement. The purpose of this research is to develop hybrid composites, which are composites that 

combine the beneficial qualities of more than one type of reinforcing material. A significant amount of 

investigation was put into a number of different hybrid composites. When all of these investigations are 

taken together and compared, the results for bending and tensile strength are inconsistent. 

Incorporating hybrid fibre into Ferro cement is extremely desirable because doing so boosts the 

material's tensile strength capability, improves its ductility, and provides strain hardening properties. 

Maintaining a cost of building that is fair in developing nations where raw resources are in short 

supply and demand is high. This is the primary reason why adding materials of a smaller particle size 

does not result in an increase in the packing density. In particular, applications requiring safety 

structural sections that require extremely high performance would be extremely well served by an 

increase in packing density accompanied by a rise in toughness. This would be the case because of the 

synergistic effect of the two factors. 

Keywords- cement, Hybridization, Bending Properties, Tensile strength. 

INTRODUCTION 

Reinforced concrete is the most often used construction material on Earth, but the 

fundamental difference between them is the use of wire meshes and a concrete binder that 

contains larger aggregate sizes. Constructed from hydraulic cement mortar and wire mesh 

that is close together, ferrocement has a very thin wall and is often used in construction. 

Metal or other suitable materials can be used to create the mesh. Because of its versatility, 

ferrocement has become a popular choice for complex architectural structures such as domes, 

curved building parts, water tanks, and even boats. Ferrocement can be used to build and 

repair structures. An entirely new type of material is created, one that is distinct from typical 

reinforced concrete in terms of its properties (strength, deformation, and potential 

applications). Thin panels or sections can be made with only a thin mortar layer covering the 

uppermost layers of reinforcement. Compared to ferrocement materials, conventional 

reinforced concrete materials are more commonly used as load-bearing elements because of a 

lack of extensive inquiry into the ferrocement materials and their usage as structural 

elements. The durability and corrosion issues of ferrocement are critical to its success. For the 

purposes of this definition, a hybrid fibre is one made up of both micro and macro synthetic 

fibres.It can be divided into the following combinations.It is based on the fibre constitutive 

response, in which one of the fibres is stronger and stiffer, providing a stiffer and reasonable 

first-crack strength and also ultimate strength. As a result, the second type of fibre, which is 
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more pliable, improves the post-cracking toughness and strain capacity. Combinations based 

on different aspect ratios are also possible. In the case of fiber-reinforced concrete, short fibre 

bridges tiny fractures restrict their expansion and also postpone the coalescence. Fracture 

toughness is improved in composites with long fibres because macro fractures are prevented 

from propagating.Hybridization is the blending of various fibre kinds. By mixing the fibres, 

the qualities of the concrete mix can be improved on a number of levels. This composite 

material outperforms plain and mono fibre in terms of behavioural efficacy. The addition of 

discontinuous fibres has been recommended by previous studies to boost tensile strength. By 

using hybrid fibres, the researchers hope to boost ferrocement's overall structural 

performance. The requirements of a hybrid fibre ferrocement can only be determined by 

conducting a thorough material investigation. As a first step, to classify the composite's 

behaviour, a test series employing a method designed for classifying high performance 

materials is required. There must be strain hardening qualities in the stress-strain connection 

before this can occur. An analysis of the strain capacity of a material can also be made using 

the tensile strength test, which evaluates the material's tensile strength as well as its 

composition Hybrid fibre reinforced ferrocement. 

According to Naaman (2000), the definition of ferrocement has been expanded to include the 

stipulation that "the fineness of the mortar matrix and its composition should be suitable with 

the mesh and armature system it is supposed to encase." There is a possibility that the matrix 

will have discontinuous fibres. This definition was intended to emphasise the compatibility of 

the matrix with the reinforcement that is used to build a composite, as well as to present the 

opportunity to use discontinuous fibres or micro fibres to improve the mechanical 

performance of ferrocement as hybrid composites, should this become necessary. The form of 

hybrid reinforcement known as fibrous ferrocement has wire mesh as the primary 

reinforcement and mono fibre as the secondary reinforcement. 

Since the publication of Naaman's study in 2000, there have been ongoing efforts to develop 

ferrocement as a high performance material or, as Naaman prefers to refer to it, a strain 

hardening material (Naaman 2007). Due to the interaction of fibres with wire mesh, 

ferrocement composites benefit from an increase in their structural qualities when fibre is 

used ( Shannag and Bin Ziyyad 2007). Both mono (meaning only one kind) and hybrid 

(meaning both types) variants of the fibres can be utilised Mechanical behaviour. 

 By enhancing the mortar mixtures with the use of additives and fly ash as a partial 

replacement for cement, structural standards for ferrocement have been improved. This has 

led to an increase in the use of ferrocement (Arif et al. 2001). Altering the type of 

reinforcement used and the proportion of it used has also contributed to the improvement of 

ferrocement's characteristics. 

Improvements In The Classification Of High Performance Cementations Composites: 

Today, several different types of cement-based composites are used in practical building 

applications, including the fabrication of structural parts. Because of this, it is essential to 

categorise the materials used in the construction of structures according to their performance. 
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Because of material models and the material parameters that they relate to, structural 

engineering and materials engineering are now recognised as having a link between them. 

This reflects the behaviour of a material through its physical requirements, which direct its 

structural and mechanical behaviours. These behaviours include: (Stang and Li 2004). 

Compression strength, tensile strain behaviour, flexural response, toughness, and energy 

absorption are the features of cement-based composites that are significant for the 

classification of a material's performance. Other properties include flexural response. 

Because of the risk of failure caused by crashes in the compression zone, compressive 

strength is an essential property in the design of concrete (known as brittle failure). However, 

because FRCCs exhibit behaviour that is either quasi-brittle or strain-hardening, compression 

strength is not a relevant design criterion for these materials. 

Figure 2.13 illustrates the various categories of errors that can occur. When the cement paste 

has reached a point where it is solidified, brittle failure behaviour can develop. At the first 

crack, which is no longer able to resist any stress, linear stress–strain behaviour is followed 

by an abrupt reduction of stress (curve A). On the other hand, failure in fibre concrete and a 

few other fibre-reinforced cementitious materials can be described as quasi-brittle. This 

results in a linear stress–strain behaviour, which is then followed by a softening behaviour, as 

demonstrated by curve B. Strain-hardening materials, on the other hand, are defined by their 

capacity to withstand stress in a manner that is linearly inconsistent with their elastic 

behaviour. Almost immediately after achieving the first crack load, an increase in strain will 

take place due to the increasing levels of loading. This will result in substantial deformation 

(curve C). 

When compared to brittle or quasi-brittle materials, the maximum strain value of a strain 

hardening material is often higher (Li 1997). A transition from quasi-brittle to strain 

hardening failure is only possible under conditions of'steady-state' cracking, which arises 

under two conditions: (1) the stress at the crack must equal the first crack peak; and (2) the 

crack opening displacement must be less than the fibre slip caused by the bridging stress. 

Cement structural specifications have been made to ensure that a transition from quasi-brittle 

to strain hardening failure is possible. roCement structural specifications have been made to 

ensure that a transition 

According to EI Debs and Naaman, the addition of polyvinyl alcohol mono discontinuous 

fibre to ferrocement with only one layer of steel mesh but with various wire spacing results in 

better overall performance in terms of cracking behaviour, yield, and maximum strength than 

conventional ferrocement does. In another set of experiments, it was found that increasing the 

number of steel mesh layers from two to four in conjunction with a volume percentage of 

steel fibres in ferrocement ranging from 1.5 to 2 percent led to an increase in the strength of 

the material. 

APPLICATION 
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The advantages of flexibility in the fresh casting stage and high ductility in the hard stage 

have made ECCs attractive for structural applications (Li 2008), including either on their own 

or in the form of a composite (hybrid) to support other structural materials. This includes 

applications where the ECCs are used to support other structural materials (Naaman 2007). It 

has been demonstrated that the one-of-a-kind characteristics of ECCs as strain hardening 

cementitious composites (SHCCs) are capable of protecting structural elements constructed 

of RC from the damaging effects of an aggressive environment by narrowing the cracks that 

form in these elements (Maalej and Li 1995). Li et al. conducted research on the use of ECCs 

in concrete structures with the intention of repairing or retrofitting them (2000). According to 

the findings of the investigation, the use of ECCs is not limited to structures that are already 

in existence; rather, they are also suitable for protecting structures that have specific 

requirements, such as high impact resistance, crack width control, an aggressive environment, 

and a large damage tolerance. 

Fischer (2010) had great success utilising stand-alone PVA–ECC panels in modular houses 

by employing them as floor slabs. The panel slabs that were put through their paces in the 

testing process had advantageous qualities such as relatively high flexural stiffness, ductility, 

maximum strength failure, and low cost. 

The environmental benefits are in addition to the advantages brought about by the mechanical 

and economic aspects. This slab system is more appealing and sustainable thanks to the 

utilisation of waste materials as filler in the mixing matrix of the ECC floor slab. These waste 

materials may include FA or slag. 

According to Li et al. 2004b, it is possible to create green ECCs for sustainable infrastructure 

in a variety of applications, such as pipelines, cement boards, electrical shafts, pavements, 

and as overlay systems in bridge decks (Zhanga and Li 2002). 

MATERIAL DESCRIPTION 

Because it offers the lowest coststrength ratio of all construction materials, concrete 

continues to be the most commonly utilised material. The issue with concrete is that it has a 

low tensile strength and behaves in a brittle manner. This causes failure and collapse fast after 

the first crack appears in the material. This issue, number 37, inspired researchers to study 

ways to improve the properties of concrete. Steel fiber-reinforced concrete, also known as 

SFRC, is a type of hybrid-reinforced cementitious material that was first developed in the 

early 1960s. The addition of steel fibre led to a considerable improvement in the tensile 

splitting strength, flexural strength, initial cracking strength, toughness, and impact resistance 

of the material. In addition to this, there was a decrease in fracture width, deflection, 

shrinkage, and creep (Tejchman and Kozicki 2010). ACI Committee 544 contains a set of 

guidelines that can be used for the design and specification of material properties (2002). As 

was mentioned before, the ASTM Standard (2011a) categorised FRC based on the type of 

fibre it was made of, including steel, glass, synthetic, and natural fibre. 
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The Behaviour And Qualities Of Mechanical Systems: Flexural testing was used to 

undertake experimental investigations of steel fiber-reinforced beams with changing fibre 

content (Altun, Haktanir, and Ari 2007). The fibre content ranged from 0 to 60 kg/m3 of the 

beam's volume. Compression, elastic modulus, and toughness were some of the qualities that 

were mentioned. The findings showed that the increase in the fibre content did not cause a 

substantial decrease in the compressive strength, and the results showed that a capacity of 

good flexural strength could be attained by utilising 30 kg/m3 (1.25 percent volume fraction) 

Shear testing were carried out on SFRC beams utilising a variety of stirrup configurations and 

fibre contents. Lim and Oh (1999) conducted an experiment, the results of which suggested 

that further shear reinforcement is not necessary in SFRC. However, other experiments 

revealed that a fibre volume percentage of 1.5 percent was sufficient to obtain excellent shear 

strength capacities (Juárez et al. 2007). 

In order to investigate the tension stiffening and cracking behaviour of SFRC specimens with 

conventional longitudinal reinforcement, standard uniaxial tension tests are often carried out 

on these samples. There was reported to be an increase in the post-load yielding capacity, in 

addition to the development of various fracture forming behaviours. This was in comparison 

to the standard RC (Deluce and Vecchio 2013). Take note that the percentage of fibres 

present in the mixing matrix has a major impact on the FRC's capacity for withstanding 

tensile stress (Sujivorakul 2012). During tensile testing, synthetic FRC showed a crack 

behaviour that was comparable to that of natural FRC (Wang, Li and Backer 1990). 

Durability Of The Material And Its Applications: The application of a material in building 

is based, from a structural point of view, on the mechanical performance of the material as 

well as its durability. According to Li and Stang (2004), cementitious materials have a strong 

correlation between their structural level durability and their ductility. Corrosion can occur on 

steel rebars if there is not enough concrete covering them or if the permeability of the cracks 

that form around them is enhanced. The addition of fibre to concrete increases its resistance 

to cracking and narrows the cracks that do appear. When compared to conventional RC, there 

is an observed decrease in the permeability of concrete as well as an increase in the overall 

impact on the environment (Banthia and Bhargava 2007; Bentur, Diamond, and Berke 1997). 

A durability performance evaluation of FRC in a hostile environment employing fractured 

fiber-reinforced shotcrete revealed difficulties with the material's durability as a result of 

sulphate and salt solution attack (Kaufmann 2014). According to the results of the test, 

environmental conditions very comparable to those seen in tunnel construction are present. It 

was demonstrated that steel fibres in cracks corrode, which leads to a loss of the structure's 

potential for residual strength. On the other hand, 39 uncracked samples demonstrated a 

higher level of resistance behaviour during a specified time period. In addition to this, it was 

found that polymer fibre had a greater level of durability in these kinds of conditions. 

There are a number of different application possibilities made possible by the production of 

FRC using shotcrete or pre-casting procedures. Pipeline trench applications, sewage channel 
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applications, tunnel lining applications, railroad track beam uses for high-speed trains, and 

precast concrete fence panel applications are some of the places that FRCs are put to use 

(Banthia et al. 2012). These are the broad applications of fibre reinforced concrete; 

constructions that are subjected to blast or impact loading are good examples of more 

particular applications of matrix-modified FRC. Bindiganavile, Banthia, and Aarup (2002), 

for instance, investigated the influence of impact load response on ultra-high-strength 

compact steel fibre reinforced concrete. The matrix was experimentally investigated under 

drop-weight impact load, and it contained Portland cement, SF (24 percent by weight of 

cement), and 6 percent steel fibre volume fraction (quasi-static loading). The material 

demonstrated three times the strength and energy absorption of regular FRC thanks to its 

unique composition. This demonstrates that as a result of the material's great resistance to 

impact, it is appropriate for use in strategically significant structures such as those associated 

with high-security or the military. 

CONCLUSIONS 

Numerical modelling considered microscopic and structural levels. This phase of the inquiry 

yields the following conclusions: 

• The FEM model that simulated the RVE (micro structural model) to compute the elastic 

modulus partially matched the experimental results. FE simulations showed that elastic 

modulus values have substantially increased over time. The values obtained were within 4% 

of the experimental results. 

 • The numerical model used to the HFF panel during flexure yielded excellent results 

compared to experimental data using elastic modules from the nanoindentation test. • The 

finite element modelling of the HFF–OWC slab showed good composite action and no 

horizontal shear transfer-induced slab fracturing. 
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ABSTRACT- The use of recycled fine aggregates in the production of mortar is an effective measure 

that can be taken to increase social and ecological values in today's society in light of the pressing 

problems associated with the over-exploitation of natural sand and the disposal of construction and 

demolition wastes. There are a number of methods for recycling fine aggregates. When formulating the 

recycled aggregate mortar, fluidity was advised as the most significant component to consider in order 

to reduce the additive effects of the W/C ratio, the quality of the recycled fine aggregates, and their 

content. The experimental results of this investigation show that the fluidity of recycled aggregate 

mortar significantly affects its mechanical and permeability qualities. The outcomes of using this 

mortar are compared to those of using regular mortar. The trials reveal that a higher percentage of 

water is required for recycled aggregate mortar to obtain the same fluidity as controlled mortar. This 

is due to the fact that recycled aggregate is known to have lower quality characteristics than regulated 

mortar, such as a higher initial water absorption and a greater volume of voids within the mortar. The 

properties of the recycled aggregate mortar's setting were affected by its fluidity, the quality of the 

recycled fine aggregates, and the content. Also, the setting periods of the recycled mortar were much 

quicker than those of the controlled mortar. However, the strength characteristics (compressive, 

tensile, and flexural), pulse velocity value, permeable void content, water absorption by immersion, 

and sorptivity of recycled aggregate mortar corresponding to fluidities of 110 2.5 mm and 160 2.5 mm 

were all lower than those attached to fluidities of 135 2.5 mm. Hence, recycled aggregate mortar with 

a moderate fluidity of 135 2.5 mm is feasible and has enhanced mechanical and permeability 

properties. 

Keywords- Recycled Aggregate Mortar, permeable void content, demolition wastes 

INTRODUCTION 

Construction and demolition debris is produced during the building and breaking down of 

anything, including roads, bridges, flyovers, subways, and any other public works 

infrastructure. Likewise prevalent is debris from cyclones, floods, earthquakes, explosions, 

and war. Concrete, plastic, plaster, wood, metal, etc. are common examples of inert and non-

biodegradable materials. According to the March 2007 issue of the Hindu published online, 

India produces almost 23.75 million tonnes of demolition garbage annually. In terms of 

weight, 40% of the demolition mess is made up of concrete, 30% of ceramics, 5% of plastic, 

10% of wood, 5% of metal, and 10% of other miscellaneous materials. During the industrial 

revolution, demolition debris is simply discarded without being put to any useful purpose. 

The soil's fertility would be greatly diminished under such conditions. Rapid industrial 

growth has resulted in a serious shortage of natural aggregates (NA) for the creation of new 

concrete, and a massive volume of demolished concrete has been formed from crumbling and 
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obsolete structures, both of which must be disposed of. Instead of using natural aggregates, 

concrete "garbage" might be used. production by using it as an aggregate. This "recycled" 

concrete can also be a reliable replacement for natural aggregates. The need to conserve 

natural resources (such as stone, river sand, soil, etc.) and energy, as well as the fact that 

C&D waste is transported over long distances only to be dumped, as well as the fact that it 

takes up valuable landfill space and degrades the processing of biodegradable and recyclable 

materials, call for increased attention to C&D waste. Construction and demolition waste 

generation and disposal have risen to the status of strategic issues in the industry, mostly as a 

result of the rapid urbanisation and industrialization taking place throughout the world. 

Disposing of these garbage causes serious environmental and ecological issues. Naturally, it 

is necessary to intervene and look for alternatives to trash disposal. Aggregate consumption is 

predicted to rise from 37,400 metric tonnes per year in 2010 to 51.7 billion metric tonnes in 

2019 at an average annual rate of 37,400 metric tonnes. Natural aggregates (NA) are being 

used at such a rapid rate that it is putting enormous strain on the ecosystems around us. 

Because of this, the use of recycled aggregates (RA) in the construction industry is critical to 

reducing waste disposal and the use of natural resources, which have both social and 

environmental impacts. Concrete/mortar/other building components can be made using RCA 

and RFA recycled aggregates, two size fractions of recycled aggregates. This is an easy and 

sensible way to enhance sustainability in concrete/mortar/other building components.  

Read the scholarly papers: Ping Hua Zhu has carried out a research on carbonation resistance 

of recycled aggregate concrete (RAC) subjected to different loading level was carried out. 

Three series of concrete mixtures were produced with loading level of 0.5, 0.8, and 1.2 of 

ultimately tensive strength of concrete. Carbonation resistance of recycled aggregate concrete 

reduces according with increasing water-binder ratio. There is an excellent linear relationship 

formed for recycled aggregate concrete between carbonation depth and square-root of 

carbonation. 

Jodilson Amorim Carneiro has reported that the utilisation of recycled aggregate from 

construction and demolition waste (CDW) as replacement of fine and coarse natural 

aggregate has increased in recent years in order to reduce the high consumption of natural 

resources by the civil construction sector. In this work, an experimental investigation was 

carried out to study the influence of steel fiber reinforcement on the stress–strain behavior of 

concrete made with CDW aggregates.He concluded that the utilisation of recycled aggregate 

in substitution of natural aggregate increased the compressive, bending and tensile strength of 

the reference mixture. The inclusion of steel fiber and recycled aggregate increased all 

mechanical properties of the CDW-concrete and better controlled its fracture process. 

Further, a comparison between the analytical and experimental curves demonstrates that they 

are in good agreement indicating the possibility of their use to model the behavior of steel 

fiber-recycled aggregate concrete.  

Xiaoliang Fang has investigated that in order to analyses the potential CO2 capture ability of 

recycled concrete aggregates (RCAs) subjected to accelerated carbonation, an empirical 
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prediction model has been developed in relation to carbonation conditions and the 

characteristics of RCAs. In this research, two sources of RCAs were used: RCAs from a 

designed concrete mixture and RCAs obtained from crushing of old laboratory concrete 

cubes. He concluded that the maximum CO2 uptake of RCAs during accelerated carbonation 

depended mainly on the cement content as well as the initial CO2 uptake ratio (X0CO2). The 

particle size of RCAs played a significant role in affecting the cement content and the rate of 

CO2 uptake. The relative humidity (RH) during accelerated carbonation process was 

significant. Further, the developed empirical model may well predict the CO2 uptake of the 

RCAs from newly demolished concrete waste. 

Sun-Woo Kim has described pullout test results on deformed reinforcing bars in natural and 

recycled fine aggregate (RFA) concrete. The effects of bar location and RFA grade on bond 

strength between reinforcing bar and recycled aggregate concrete (RAC) were analysed 

through the experimental program. He concluded that for higher grades of RFA, bond 

strength did not seem to be influenced by RFAr, at least for up to 60% RFAr. It can be noted 

that the location factor is influenced by the workability of concrete. Based on the cross-

sections of all specimens after pullout tests, no significant differences were obtained in the 

amount of concrete segregation and settlement. Further, based on the RDM, no important 

freeze–thaw deterioration in concrete was detected after 300 freeze–thaw cycles in RAC 

specimens due to their relatively high air contents. 

George Wardeh has presented the results of an experimental program carried out on 96 

concrete pullout specimens prepared with natural and recycled aggregates using 10 and 12 

mm diameter deformed steel bars. The study included six recycled concrete aggregate 

mixtures and two conventional concrete mixtures with C25/30 and C35/45 target class of 

compressive strength and S4 class of workability. He concluded that the bond strength of 

recycled aggregate concrete remains of the same order magnitude as that found for the 

reference normal concrete. In all cases, the evaluated values are equal to the values calculated 

by the formula of EC2 without safety factors and are therefore at least four times higher than 

the predicted values. Further, based on experimental results and data withdrawn from the 

literature, a modified expression was proposed to find the maximum bond stress of the 

recycled concretes taking into account the effect of concrete cover, the embedded length, and 

the replacement ratio. 

Fuxing Wang has reported that recycled aggregates from construction and demolition waste 

after crushing, washing and grading which replace partly or all of the natural aggregates are 

reutilizable to form new concrete. Compared with natural aggregate concrete, mechanical 

performance and durability of recycled concrete are worse. The reason may be that the 

recycled aggregate (RFA) is formed of original aggregate and old cement adhering outer 

partly. In this paper, the superficial modification of recycled fine aggregate using fly ash 

grout, the physical attributes of RFA before and after modification and the effect on the 

mechanical performance of cement mortar were studied. 
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Wenlao Zhao has studied the use of recycled fine concrete and clay brick aggregates to 

respectively globally replace natural fine aggregates (sand) in the production of mixed 

mortar. The fundamental attributes such as the compressive strength and the shrinkage ratio 

of mixed mortar made of the recycled fine aggregates are tested and discussed in detail. The 

experimental results show that it is viable to produce mixed with recycled fine aggregate. 

Joris Schoon has investigated with the aim to examine the use of fines generated out of 

recycled aggregates production as an alternative raw material for Portland clinker kilns with 

enumeration of possible limitations. Different technical set-ups were utilised to separate these 

fines from the recycled aggregates. In this research, it was shown that the fines fractions 

generated out of concrete recycling could be used as an alternative raw material (ARM) for 

Portland clinker production. However, a homogenisation phase adapted to the chemical 

variation of the recycled fines will be important. It was shown that the smaller the fines 

fractions are cut from the sand fraction, the better they are suited as ARM for Portland clinker 

production. The way these fines fractions are separated also affects the final quality of the 

treated sand fraction and therefore also its practical use in concrete as well as asphalt 

applications. Further, the use of fines extracted from recycled concrete focuses on some of 

the key issues identified within the Cement Sustainability Initiative, together with the already 

available alternative fuels and raw materials. 

J.Alexandre Bogas has carried out the investigation to characterize the freezeethaw resistance 

of normal strength and high-strength concrete with partial or total replacement of fine natural 

aggregate (FNA) by fine recycled concrete aggregate (FRCA). The surface scaling, mass 

loss, length change, residual ultrasound pulse velocity and residual compressive strength 

were analysed for different FRCA replacement ratios (0%, 20%, 50% and 100%) subjected to 

300 freezeethaw cycles according to ASTM C666 e Porches concluded that normal strength 

concrete was not freezeethaw resistant, regardless of the replacement rate of FNA with 

FRCA; the freezeethaw resistance was more influenced by the w/c ratio than by the type of 

aggregate used. Surface scaling appears to be more severe in concrete with FRCA, because 

its mortar is less resistant. In general, the internal freezeethaw resistance of concrete did not 

decrease with the inclusion of FRCA; the higher porosity of FRCA may better contribute to 

hydraulic pressure dissipation. In sum, FRCA appeared to be non-detrimental to the 

freezeethaw internal cracking resistance of concrete. Further, FRCA proved to be non-

detrimental to the freezeethaw internal cracking resistance of concrete.  

Siti Shahidah Sharipudin has made the attempt that has been placed on replacing the main 

ingredients in concrete mixtures with more sustainable materials with the objective to reduce 

the carbon footprint. One of the replacement materials is waste paper sludge ash (WPSA), a 

local industrial by-product produced abundantly by newsprint mills which possesses 

considerable cementitious properties. Parallel to this, the high amount of construction waste, 

especially concrete waste has become a difficult environmental issue to cope with in today’s 

world. In conclusion, the replacing proportion of cement and fine aggregate with WPSA and 

FRCA up to 20% and 15% respectively contribute towards compressive strength by blending 
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of WPSA and FRCA, exhibited favorable and equivalent compressive strength than those of 

control specimens. In this case, the alkalis released from the residual paste in FRCA together 

with cementitious reaction presence in the latter could be attributed to strength development. 

Hawreen Ahmed has presented the effects of using supplementary cementing materials and 

recycled concrete aggregates (RCA) in concrete, with emphasis on the ability of using high 

volumes of fly ash (FA) and RCA to reduce the environmental impacts of the concrete’s 

production process without jeopardizing most of its long-term durability characteristics. 

Three mix families (0% fine RCA, 50% fine RCA and100% fine RCA) were prepared and, 

for each of these three families, two incorporation levels (0% and 100%) of coarse RCA were 

used with 0%, 30% and 60% of FA without SP. In this research the w/b ratio of the concrete 

mixes was changed in order to maintain the workability of an equivalent conventional 

concrete. The worst-case scenario is obtained when fine NA were half or fully replaced with 

fine RCA, either with or without inclusion of coarse Scathe best-case scenario was obtained 

when the coarse NA were fully replaced with coarse RCA and 60% of FA included in 

concrete mixes with SP.The inclusion of coarse RCA only shows better performance than 

that of fine RCA.Including FA in RCA concrete is advisable. However, for the combined 

effect of FA and RCA, the compressive strength-GWP ratio depends on optimizing the 

proportion of FA versus RCA rather than on their individual contents. 

Junxia Li has carried out the research to investigate potential use of RCF as microsilica sand 

substitute in the production of engineered cementitious composites (ECC), a unique high 

performance fiber-reinforced cementitious composites featuring extreme tensile strain 

capacity of several percent. The results indicated that it is viable to use RCF as microsilica 

sand substitute in the production of ECC and the resulting RCF-ECCs possess decent 

compressive strength and strain capacity. The results clearly analysed the influence of RCF 

size and content on ECC properties. Micromechanics-based design principle can be utilised 

for ingredients selection and component tailoring of RCF-ECCs. 

D.Pedro has carried out the analysis of the mechanical behaviour of high-performance 

concrete (HPC) incorporating fine and coarse recycled aggregates (FRA and CRA) was 

made. The recycled aggregates (RA) originated from rejected precast elements with 

compressive strengths of 75 MPa and were used to substitute natural aggregates (NA) in 

concrete mixes.To conclude, in the fresh state, it was possible for recycled HPC to have 

similar workability as that of the reference HPC (produced with natural aggregates only). In 

the hardened state, despite the decrease in performance of the RAC relative to the RC, 

extremely satisfactory values were obtained, which were further increased with the presence 

of SF. For the modulus of elasticity, it was found that the highest value recorded by a mix 

incorporating 100% RA was around 41GPa (C100F100C-SF10). Finally, for bond strength, 

only a few concrete mixes were analysed. 

Abdurrahmann Lotfy has presented the fresh, mechanical, and durability performance of a 

structural concrete mix classified as a C1 mix, by the Canadian Standards Association (CSA) 

made with Controlled quality Recycled Concrete Aggregate (RCA). Seven mixes with water-
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to-binder (w/b) ratio of 0.40 and RCA content of 10%, 20%, and 30% by coarse aggregate 

volume replacement, 10%, 

and 20% fine and coarse (granular) aggregate replacement by volume were produced and 

tested against two 0% RCA control mixes made with General Use (GU) cement, and General 

use Limestone cement (GUL), respectively. To conclude, using a controlled quality RCA as a 

replacement for virgin aggregates produced a concrete that met specifications and performed 

similarly to the control. All mixes showed similar slump and air content values after 15 

minutes, and the control mix had the best retention after 45 minutes. However, the slump and 

air content for the RAC mixes did not vary greatly from the control, indicating that a 30% 

replacement of virgin aggregates with RCAs is a viable option. The splitting tensile strength 

results indicated a similar trend to the flexural strength results. The splitting tensile strength 

reduced as the replacement level of RCA increased. According to the control concrete, 

replacement of RCA by natural aggregate slightly increased water sorptivity, and chloride-ion 

permeability values. Moreover, the RCA mixes with more RCA resulted in higher water 

sorptivity and chloride-ion permeability values. In summary, the utilisation of a controlled 

quality RCA in structural concrete is a safe and viable option. 

MATERIALS CHARACTERIZATION 

A. CEMENT: Ordinary Portland cement 43 (OPC 43) was used in this study. The chemical 

ingredient are exist in this type of cement which are given in the table below 

S. No. ingredient Percentage (%) 

1. Calcium oxide (CaO) 66.00 

2. Silica (SiO2) 23.13 

3. Iron oxide (Fe2O3) 3.51 

4. Aluminum oxide (Al2O3) 4.41 

5. Sulfur trioxide (SO3) 0.89 

6. Magnesium oxide (MgO) 0.78 

7. Others  1.27 

B. AGGREGATE: Recycled fine aggregate are used in this study which are obtained from 

concrete waste, collected from the demolished buildings in area of Delhi. 

CONCLUSIONS 

To achieve the same fluidity as controlled mortar, RFAM requires more water. Recycled 

aggregate mortar's setting time is affected by its fluidity and RFA content. Time increases the 

RFAM's resistance to penetration thanks to the fluidity and RFA concentration. Quicker than 
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controlled mortar, RFAM eventually became stable. The mechanical properties of RFAM are 

inferior to those of controlled mortar, as are its UPV, chemically bound water, and void 

content; however, its permeability is improved. Compared to controlled mortar,  

ateriRFAM have more immersion water absorption and sorptivity. No matter how well they 

speak it. As fluidity changed, so did the mechanical and permeation performance of RFAM. 

[Cite] When compared to its fluidity at 1102.5 mm, the mechanical and permeability 

properties of RFAM diminish with increasing RFA content. Increases in RFA concentration 

lead to notable improvements in mechanical and permeation properties when RFAM fluidity 

is raised from 1102.5 mm to 1352.5 mm. The mechanical and permeability properties of 

RFAM dramatically degraded when its fluidity increased from 135 2.5 mm to 160 2.5 mm. 

As a result, fluidity may improve RFAM efficiency, which in turn lowers the inherent 

variability in RFA quality. 
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ABSTRACT- Surveying knowledge is helpful in many areas of civil engineering. A lot of the first 

surveys were done for the purpose of land surveying. Water supply and irrigation schemes, roads, 

railroads, transmission lines, mines, buildings, and bridges all need to be surveyed before any plans or 

estimates can be made. A horizontal projection of an area, such as that used by plans and maps, simply 

reveals the vertical separation between points. Nevertheless, a contour line is used to depict the 

vertical distances between two points. All points have been fully specified, and a levelling network has 

been constructed. A theodolite tape measure & wheels (steel tape) and a stave were used to measure a 

variety of parameters, including horizontal distance, horizontal angles, and elevation differences, 

between all points in a series of closed levelling loops (levelling rod). They fed the data into a 

mathematical model and ran it through some sort of traverse adjustment procedure. An accurate and 

comprehensive survey is crucial to the success of any engineering project. As a result, it is essential for 

an engineer to have a solid grounding in surveying theory and methodology. 

Keywords- horizontal distance, Chain; Compass; Level, Classifications surveying.  

INTRODUCTION 

Surveying is an art form that involves identifying the relative position of items on the surface 

of the earth by taking measurements and drawing them to a handy reduced size on paper. 

This is done in order to make the process more efficient. Both geodetic surveying and plane 

surveying are included in this category. The spherical shape of the earth is taken into account 

in the construction of this categorization. We are aware that the form of the earth is that of a 

hemisphere. How do you plan to demonstrate that? If we were to stand on the ground, we 

would be able to view anything in the same line of sight. This would indicate that we are 

standing on a flat earth. People in former times believed the same thing, and they were afraid 

to travel too far away because they believed that once they reached the limit or the edge, they 

would be forced to fall off. What is the significance of the shape in relation to the surveying? 

Sure enough, here it is. The human eye perceives the line that connects any two spots on 

earth to be straight, yet in actuality, the line that connects any two points is curved. It is 

referred to as plane surveying when the measurements are taken without taking into account 

the influence of the earth's curvature. When the influence of the earth's curvature is taken into 

consideration, the surveying technique is referred to as geodetic surveying. It is possible to 

ascertain the topography, or gradient, of the land that is farmed, as well as the absolute and 

relative positions of points both on the farm and on the surface of the planet. Farmland 

surveying can be used for a variety of purposes, including environmental feasibility 

assessments, as well as providing the farmer with the ability to make effective use of the land. 

Because the findings of the survey, whether they are presented graphically or numerically, 
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help to describe the characteristics and properties of the various soil units, these findings are 

helpful. 

TYPES OF MEASURMENTS IN SURVEYING 

There are five basic kinds of measurements in plane surveying: 

• Horizontal angles 

• Horizontal distance 

• Vertical angles 

• Vertical distance 

• Slope distance 

Classification of surveying: Surveys may be classified under headings which define the use 

or purpose of the resulting maps. 

Based upon the nature: 

(A) Land survey 

• Cadastral survey  

• Topographical survey 

• City survey 

(B) Hydro graphic survey 

(C) Astronomical survey  

Based upon the object: 

• Engineering survey 

• Military survey 

• Mine survey 

• Geological survey 

• Archaeological survey 

Based upon the instruments: 

• Triangulation survey 

• Aerial survey  

• Chain Surveying  

• Plane Table Surveying  

• Levelling  

• Theodolite Surveying  

• Tachometric Surveying  

• Photographic Surveying 

• Compass Surveying  

Chain surveying: It is the method of surveying in which the area is divided into net work of 

triangles and the sides of the various triangle are measured directly in the field with chain and 

no angular measurement are taken. 

Instrument used in chain survey: 

• Chain  

• Arrows  
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• Pegs  

• Ranging rods  

• Offset rods  

• Plasterer laths and whites  

• Plumb bobs  

• Field book  

Types of chain: 

• Metric chain 

• Engineer’s chain 

• Gunter chain 

• Revenue chain 

• Steel band  

Errors in chaining: 

• Errors length of chain 

• Careless holding and marking 

• Bad ranging 

• Non-horizontality 

• Sag in chain 

• Variation in temperature 

• Variation in pull 

• Personal mistakes 

Tape corrections: 

• Correction for temperature 

• Correction for Length  

• Correction for Pull 

• Correction for Sag 

• Correction for   Slope 

• Correction for Alignment 

• Reduction to sea level 

• Correction to measurement in vertical plane 

Obstacles in chaining: 

• Obstacles to ranging 

• Obstacles to chaining 

• Obstacles to both chaining and ranging 

Compass Surveying-compass surveying is a branch of surveying in which direction of survey 

lines are determined with a compass and length of the lines are measured with a tape or a 

chain. In practice the compass is generally used to run a traverse.  

Types of compasses: 

• Prismatic compass 

• Surveyor compass 
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Bearing and angle    

• True meridian 

• Magnetic meridian 

• Arbitrary meridian 

Designation of bearing  

• Whole circle bearing  

• Quadrant bearing  

• Fore bearing 

• Back bearing 

Conversion of bearing from one system to other 

Line WCB Rule for R. B. Quadrant 

AB 0° - 90° R.B=WCB NE 

AC 90°-180° RB=180°-WCB SE 

AD 180°-270° RB=WCB-180° SW 

AF 270°-360° RB=360-WCB NW 

Conversion of into WCB 

Line R. B. Rule for WCB WCB 

AB N α  E WCB=RB 0° - 90° 

AC S ß E WCB=180°-RB 90°-180° 

AD S ɵ W WCB=180°+RB 180°-270° 

AF N Ø W WCB=360-RB 270°-360° 

Local Attraction: It is a term used to denote any influence of iron objects like magnetite in 

the ground, wire carrying electric current, steel structures, rail road rails, underground iron 

pipes, bunch of keys, metal buttons, axes etc., and preventing the magnetic needle from 

pointing to the North in a given locality. This should be checked and corrected. 

Dip: The inclination of the magnetic needle in the vertical direction is called Dip. It is 0˚ at 

Equator and 90˚ at the Poles. 

Magnetic Declination: It is the angle between the True Meridian and Magnetic Meridian. 

With the given value of Magnetic Bearing we can find the True Bearing and vise versa. List 

the errors in a compass Instrument.  

The errors may be caused due to: 
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• needle not straight 

• pivot not upright 

• needle lost magnetism 

• pivot not sharp but dull 

• movement of the needle not free 

• plane of sight not vertical 

• graduation circle not horizontal 

• Plane of sight not passing through the graduated ring. 

• vertical hair is too thick or low 

Levelling: It is a means by which surveyors can determine the elevation of points, using 

other known points as references. Levelling is perhaps the most basic of surveying operations 

and forms an important fundamental part of almost every surveying project. 

Methods of levelling: 

• Barometric levelling 

• Trigonometric levelling  

• Spirit levelling 

• Reciprocal levelling 

• Profile levelling 

• Differential  

Levelling instruments: 

• Dumpy level  

• Wye level 

• Auto level 

• Reversible level 

• Tilting level 

• Digital levels 

• Laser levels 

Adjustment of level: 

• Centring 

• Levelling  

• Focussing   

Some important technical terms: 

• Bench mark  

• Mean Sea Level 

• Reduced Level 

• Back Sight 

• Fore Sight 

• Inter sight 

• Change point 

Booking and reducing levels: 
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• Collimation or height of instrument method 

• Rise and fall methods 

 

st B.S I.S F.S H.I R.L RE 

A 0.865   561.36 560.50 BM 

B 1.025  2.105 560.285 559.260  

C  1.58   558.705  

D 2.230  1.865 560.650 558.420  

E 2.355  2.835 560.270 557.815  

F   1.70  558.410  

Check 6.475  8.565 

6.475 

 558.410 

560.500 

 

2.090 2.090 

Arithmetic check = ƩB.S-ƩF.S = Last R.L – Ist R.L 

Ʃ8.565-Ʃ6.475 = Ʃ558.410-Ʃ560.500 

2.090 = 2.090 

Uses of Levelling: 

• It is used in drawing the contours.  

• It is useful in drawing the longitudinal sections and Traverse sections 

• Levelling is mainly used to calculate R.L.s of various stations.  

• It is very useful in area and volume calculations 

Plane Table Surveying: Plane table surveying also known as plane tabling is a method of 

surveying in which field work and is done simultaneously on a plane table. The observations 

are taken and recorded side by side on the sheet fixed upon the plane table and map of the 

area is obtained. 

Equipment used in plane table: 

Drawing board 

Tripod stand 

Alidade 

Accessories 

• U-frame 

• Spirit level 
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• Plumb bob 

• Trough compass 

Methods of plane table surveying: 

• Radiation 

• Intersection 

• Traversing 

• Resection 

Advantages: 

• It is less costly than theodolite survey  

• Notes of measurements are seldom required and the possibility of mistakes in booking is 

eliminated.  

• It is particularly useful in magnetic areas where compass cannot be used.  

• It is simple and hence cheaper than Theodolite or any other type of surveying. 

• It is most suitable for small scale maps.  

• No great skill is required to produce a satisfactory map and the work can be entrusted to a 

subordinate 

• Plan is drawn by the out-door Surveyor himself while the country is before his eyes, and 

therefore, there no possibility of omitting the necessary measurement. 

• The Surveyor can compare plotted work with the actual features of the area. 

• Since the area is in view, contour and irregular object may be represented accurately. 

• Direct measurements may be almost entirely dispensed with, as the linear and angular 

dimensions are both to be obtained by graphical means. 

Disadvantages: 

• It is unsuitable for work in a wet climate and is difficult in high wind. 

• It is most inconvenient to use this instrument. 

• Due to heaviness it is difficult to transport. 

• Since there are so many accessories, there is every likelihood of these being lost. 

• Since notes of measurements are not recoded, it is a great inconvenience if the map is 

required to reproduce to some different scale. 

• The Plane Table is not intended to very accurate work.  

• It is essentially a tropical instrument 

Theodolite Surveying: The theodolite is the most precise instrument designed for the 

measurement of horizontal and vertical angle and has wide applicability in surveying such as 

laying off horizontal angle locating points online prolonging survey line establishing grades, 

determining difference in elevation, setting out curve. 

Types of theodolite: 

• Transit theodolite 

• Non-transit theodolite   

Adjustment of theodolite: 

• Setting over the station 
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• Levelling up 

• Elimination parallax 

Measurements: 

• Horizontal angles 

• Vertical angles 

Electromagnetic distance measurement: 

• A reflector or transmitter-receiver at the far end reflects the light of microwave back to the 

instrument where they are analyzed electronically to give the distance between the two 

points. 

• Modern EDMs, referred to as total station instruments display horizontal and vertical 

distances between the ends of the line and horizontal and vertical angles to a survey point. 

• Recently some EDM instruments have been introduced that do not require reflectors for 

distance measurement. These devices can measure distance up to 100 m in length. 

CONCLUSION 

This research paper provides a concise explanation of the surveying instruments used in civil 

engineering. These instruments are put to use in specific circumstances and have the ability to 

resolve any issue pertaining to civil engineering site activities. It teaches one how to operate 

all of the surveying tools, which is information that can be useful for both theoretical and 

practical applications. 
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ABSTRACT- Drawings, scales, quality control, building, and proper maintenance are some of the 

components that make up a man-made structure. These components are employed to support the many 

various benefits that human society offers. Before demolishing the building, it is imperative that the 

level of construction be handled, as it is both a significant factor and an important duty that needs to 

be avoided. Water issues are sneaky killers and play a key influence in the process of maintaining and 

preserving the building. Capillary movement allows water to go great distances through the stone or 

concrete that makes up the floor of the basement. It is possible for water to seep into the ground at any 

point; the likelihood of this happening is determined by the strength of the concrete and how full the 

outside surface is. Each structure is eligible for selection because, in addition to addressing the care 

issues involved, it focuses on natural resource management. A significant contributor to the 

deterioration or damage that can be caused to a structure is water. Because water can be destructive, 

careful consideration ought to be given to the selection of water-resistant materials of the highest 

possible quality in order to achieve the best possible results. The lifespan of water-resistant materials 

is significantly less than the lifespan of the structure they are used in. This article discusses the 

application of waterproofing materials and outlines the various kinds of waterproofing materials that 

are typically put to use. 

Keywords: Water resistant material, harmful capillary movement, water proofing material. 

INTRODUCTION- Waterproofing keeps water out of buildings. It creates an impenetrable 

barrier on foundations, roofs, walls, and other building components. Structures are sometimes 

watertight. Layers and portions of waterproofing prevent water from entering the building. It 

keeps buildings dry. It also shields the structure. Damage caused by moisture and water 

exposure. The building is waterproofed through membranes and holes to protect the contents 

of the floor or inside and to protect the integrity of the building. A combination of such 

categories is referred to as creating a “Building Envelope”. Therefore, the compatibility of 

the materials, their interaction, and the connection of the enclosed spaces of the buildings also 

judged the performance of the structure. And this performance is greatly hampered by 

external climatic factors, where rainwater and site flow play a major role. Therefore, 

protection from the weather, seepages from the ground and direct flow of water into the 

building can be effectively protected by the proper use of a waterproofing system. 

Modern water protection systems deal with stable structures with a dual course in its 

operation at the well. Various and specific coats with specific chemical concentrations allow 

the process to perform many functions easily. The same energy saving effect occurs due to 

the use of materials involved in this process. This includes coatings on the exterior and floor 

walls, which reduces the flow of heat to the building and thus reduces the burden of 

improving indoor air quality and space atmosphere. Waterproofing systems can also be 
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referred to as "building protection and renovation" or "renewable engineering", due to their 

versatility and value. Waterproofing is not only a big part of the building process but also 

preserves the dignity of the landscape. (Grading here means extensively identifying, 

controlling and improving the area for proper construction). Therefore, the waterproofing 

system applies not only to the entire construction envelope, but also to certain parts of the 

building. 

The Importance of Water Tightness: A building, in a sense, is a living organism that 

requires attention and care just like any other living thing. Water and moisture issues should 

be avoided as well. The following are examples of the kinds of damage that can be caused by 

water leaks in a building. One method of seepage is the use of a variety of wall attachments; 

sills, extensions, brickwork joints, etc.Secondly, the basement and the basement absorb 

groundwater. Third, a pipe explosion in the wall or underneath the floor. 

Fourth, the capillaries protrude through the brickwork, the mortar, and the pillars. 

When does a building have a water proofing issue, and how can you tell? 

Make sure we have a waterproofing problem if there are any obvious symptoms in the 

structure. 

• The walls are drenched and the floor is soaked 

• Developing a fungal or bacterial growth The Telltale Symptoms of Decay 

• Water-Mixing 

• Water seepage through the roof. 

Any of these issues can ruin a building's appearance, interior, and even its foundation...One 

advantage of waterproofing is that it ensures the building remains dry and sturdy. Two, the 

humidity inside the building is decreased, making it a more pleasant place to live. Third, 

water vapors and condensation don't harm anything. Strong and long-lasting construction. 

The Many Waterproofing Materials: Thinking about your house as if you were picking out 

a waterproof coating is crucial. Thus, it is important to research and comprehend the various 

waterproofing materials available for the structure in question. 

Polyurethane 

As such, it serves as a roof's water barrier. The liquid polyurethane membrane's adaptability 

comes with several advantages, including (but not limited to) the following:  

1. sealing capillary cracks. 

2. Concrete water absorption should be minimized. 

3. Liquid fortifies the concrete's outer layer. 

Application Areas: 

• Water tanks 

• Pedestrian stairs 

• The roof 
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• Bridges 

• Parking area 

Cementations Waterproof Coating: This app provides a very simple program. The mixture 

contains sand, silica, organic chemicals, and inorganic chemicals. Also, these substances are 

combined with the function of lime as a sealant. 

Application Areas: 

• Water treatment plants 

• Ports and harbors 

• Parking area 

• Channels 

Bituminous Waterproof Membrane: Also known as bituminous coating, or asphalt coating, 

this membrane works effectively against water infiltration. Bituminous is mixed with natural 

adhesives. Therefore, its viscous quality makes it a very strong waterproofing material for the 

roof. 

There are two ways to use bituminous: 

1. Roll roofing material method 

2. Roofing felt method 

EPDM Rubber: This waterproofing material is a synthetic rubber material made of 

propylene and ethylene. Typically, experts associate an EPDM rubber solution with a silicone 

compound. However, both vary depending on the chemical composition, use, and 

characteristics. 

Also, EPDM rubber is highly adaptable and recyclable. 

Application Areas: 

• The roof 

• Windows 

• Wood 

Rubberized Asphalt: Another excellent waterproof chemical, Rubberized Asphalt works 

effectively to protect buildings. The strength, flexibility, and resistance to moisture and the 

penetration of this vapor make it extremely durable and suitable for structural treatment. 

Application Areas: 

• The roof 

• Plazas 

• Parking spaces 

• Terrace 

Thermoplastic Waterproofing: One of the most effective waterproof materials is 

thermoplastic. This solid solution provides long-term protection in buildings. Therefore, its 

anti-inflammatory factor makes it suitable for all heavy treatments. 
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Application Areas: 

• Decks 

• Elevator pits 

• Fountains  

PVC Membrane: This feature is often used to prevent water from roofing. Its vapor-

permeable material gives it extra strength. The base of the PVC membrane uses polyester 

mesh or glass fiber. 

Application Areas: 

• The roof 

• Tunnels 

• Swimming pools 

• Underground structures 

Waterproofing paints: Waterproof paint protects the house from environmental damage and 

improves the health of the building. Therefore, it remains water resistant or completely 

waterproof. Waterproof paint can be used inside buildings in bathrooms, kitchens, basements, 

etc. Therefore, it could protect the bathroom and the basement from leaks and excess 

moisture. The waterproof paint bathroom wall prevents moisture from entering the walls. 

Therefore, these paints are preferred over conventional paints as the first one will not stand 

firm against wet conditions as before. In addition, once moisture has penetrated the walls, 

mold and mildew will damage the structure and cause health problems. 

Types of Waterproofing Paint:  

Epoxy Paint for Waterproofing: Epoxy waterproof paints use strong chemicals to combat 

very wet conditions and protect the surface. They make waterproof paint on roofs and water-

repellent paints. 

Masonry Waterproof Paint: Made of a mixture of latex and ceramic paint, waterproof 

masonry paint is often used for roofing. Also, this paint absorbs chemicals and other liquids 

easily like water and prevents them from getting inside. It also provides cement with 

waterproof chemicals. 

Acrylic Waterproof Paint: This type of paint is best suited for roofs and terraces made of 

rectangular blocks. Also, this paint on the roof and the balcony harmonizes and drains the 

water on the surface. Additionally, waterproof paint is non-toxic and easy to apply. 

PROCESS OF WATERPROOFING 

Waterproofing is done horizontally, above the structure, retaining respiratory equipment, to 

prevent the flow of water and the rise of capillary water in it. The interior displays the water 

content of the structure and externally forms a protective film around it. Typically, the 

construction of a waterproofing system is done by creating many barriers to stop the ingress 

of water, so that it cannot enter the building. This development of multiple layers, materials 

and methods in them creates a kind of "envelope" of structure around the building. This 
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envelope can be treated as a permanent feature or measure of a green structure by avoiding 

the ingress of excessive heat from the atmosphere. This can be done by applying various 

paints, adhesives and other finishes as well as blending that helps create a transition between 

outside and inside temperatures. This transition between temperatures helps the structure in 

the following ways: 

• Small differences between indoor and outdoor temperatures cause minor weather symptoms 

and protect the building. This is done in such a way that the effect of compaction or 

expansion during the various seasons in the material construction of the building is reduced, 

by matching the room temperature with the external temperature. 

• Reduce the burden on the HVAC system, and other procedures that a building occupant 

often uses to keep the room temperature stable. These reductions can best be attributed to 

energy savings, drinking water consumption and other utilization of resources. This usually 

moves the building to a green place. 

TYPES OF WATERPROOFING METHODS: 

There are some common types of waterproofing methods used in construction industry. 

Waterproofing in buildings/structures is generally required for: 

• Basement of structure 

• Walls 

• Bathrooms and kitchen 

• Balconies, decks 

• Terrace or roofs 

• Green roofs 

• Water tanks 

• Swimming pools 

The following waterproofing methods are commonly used in construction: 

1. Cementitious Waterproofing 

2. Liquid Waterproofing Membrane 

3. Bituminous Membrane 

4. Bituminous Coating 

5. Polyurethane Liquid Membrane 

1. CEMENTITIOUS WATERPROOFING METHOD: 

Cementitious waterproofing is an easy way to prevent water from forming. Cement 

waterproofing materials are readily available in the market. This method is often used in wet 

indoor areas such as toilets. This method is usually a solid or flexible type that prevents 

water, but as it is used in indoor areas such as toilets, it is not exposed to sunlight and 

weather. Therefore, waterproofing with cement does not exceed the contract and the 

expansion process. 
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APPLICATIONS OF CEMENTITIOUS WATERPROOFING: 

Cementitious waterproofing is used in the following type of structures: 

1. Water Treatment Plants 

2. Sewage Treatment Plants 

3. Bridges 

4. Dams 

5. Railway & Subway Systems 

6. Marine Cargo Ports & Docks 

7. River Locks/Channels & Concrete Dykes 

8. Parking Structures & Lots 

9. Tunnels 

2. LIQUID WATERPROOFING MEMBRANE METHOD: 

Liquid membrane is a thin layer that usually includes the first coat and two coats of top coat 

used with a spray, roller, or trowel. It offers more flexibility than cementitious types of 

waterproofing. The liquid heals into a rubber wall. The elongation properties of coating can 

reach as high as 275%. The durability of a waterproof coat depends on the type of polymer 

the manufacturer uses to make the liquid waterproofing. 

A waterproof membrane can be a liquid-coated liquid coated with polymer-modified asphalt. 

Polyurethane liquid membranes for different levels of trowel, roller, or spray are also 

available from various manufacturers. 

3. BITUMINOUS COATING WATERPROOFING METHOD: 

Bituminous coating is a type of coating used for waterproofing and flexible protective coat 

according to its composition and polymerization stage. Its flexibility and water protection can 

be influenced by the polymer level and fiber reinforcement. Bituminous coating is also called 

asphalt coating. The most common applications for bituminous coatings include areas under 

wet screed. It is an excellent protective agent and waterproofing agent, especially in areas 

such as concrete foundations. Bituminous coating is made of bitumen-based materials and is 

not suitable for exposure to the sun. They become very brittle and weak when exposed to 

prolonged exposure to the sun unless they are prepared with flexible materials such as 

polyurethane or acrylic-based polymers. The flexibility of the finished products always 

depends on the solid polymer content added to the bitumen. 

4. BITUMINOUS MEMBRANE WATERPROOFING METHOD: 

Waterproofing of bituminous membranes is a popular method used for low-grade roofing due 

to their guaranteed performance. Bituminous membrane waterproofing has a flashlight on the 

lining and adhesive membranes. Adhesive composites include asphalt, polymers and fillers; 

in addition, certain resins and oils may be added to improve adhesion properties. The self-

adhesive type has a lower shelf life as membrane binding structures shrink over time. The 

torch on the membrane is exposed and covered with types. Exposed membranes usually 
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contain granular mineral aggregate to withstand the aging and degradation of the weather and 

other types of membrane, the contractor needs to install a single protective screed to prevent 

membrane perforations. 

5. POLYURETHANE LIQUID MEMBRANE WATERPROOFING METHOD: 

The polyurethane liquid membrane waterproofing method is used for the flat roof area and is 

weatherproof. This method of waterproofing is expensive. The Polyurethane Liquid 

Membrane can provide high flexibility. Polyurethane is very sensitive to existing moisture, so 

before installing, one should be very careful checking the moisture content of the concrete 

slab, otherwise peeling or cracking of the membrane may occur after some time. 

CONCLUSION 

The consequences of water damage to a structure can be devastating. Damage to the 

building's foundations, structural instability, and personal belongings are all possible results 

of water intrusion. As quickly as wood rots when exposed to water, concrete and other 

construction materials can be damaged by water infiltration, especially in colder climates 

where water can freeze and cause fissures. Inadequate waterproofing isn't simply an issue 

during the rainy season; it may be a problem all year long. Buildings should have some level 

of permeability so that humidity produced by occupants can be safely ventilated outside. 

Waterproofing a structure involves taking measures to reduce the likelihood of water getting 

inside and then ensuring that any water that does get inside has nowhere to pool or collect. 
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ABSTRACT: Cellular Light weight Concrete (CLWC) is not an invention in concrete world. It has 

been known since ancient times. It was made by using natural aggregates of volcanic origin such as 

pumice, scoria, etc. The Greeks and the Romans used pumice in building construction. Lightweight 

concrete can be defined as a type of concrete which includes an expanding agent in that it increases 

the volume of the mixture while giving the additional qualities such as inability and lessened in the 

dead weight. The usage of Cellular Light-weight Concrete (CLC) blocks gives a prospective solution to 

building construction industry along with environmental preservation. 

INTRODUCTION 

Concrete is the most important construction material. Concrete is a material used in building 

construction, consisting of a hard, chemically inert particulate substance, known as an 

aggregate, that is bonded together by using cement and water. 

In upcoming years there has been an increase in worldwide demand for the construction of 

buildings, roads and an airfield which has mitigate the raw material in concrete like 

aggregate. In some ruler areas, the huge quantities of aggregates that have already been used 

means that local materials are no longer available, and the deficit has to be made up by 

importing materials from other places. Therefore, a new direction towards Cellular 

Lightweight Concrete in building and civil engineering construction is used. 

Light weight concrete maintains its large voids and does not form laitance layers or cement 

films when placed on the wall. This research was based on the performance of aerated 

lightweight concrete. However, sufficient water cement ratio is vital to produce adequate 

cohesion between cement and water. Insufficient water can cause lack of cohesion between 

particles, thus loss in strength of concrete. Likewise, too much water can cause cement to run 

off aggregate to form laitance layers, subsequently weakening in strength. 

Light weight concrete - or foamed concrete - is a versatile material which consists primarily 

of a cement-based mortar mixed with at least 20% of volume air. It possesses high flow 

ability, low self-weight, minimal consumption of aggregate, controlled low strength and 

excellent thermal insulation properties. It can have a range of dry densities, typically from 

400 kg/m3 to 1600 kg/m3 and a range of compressive strengths, 1 MPa to 15 MPa. 

LITERATURE REVIEW 

P.S. Bhandari and Dr. K.M. Tajne: In this research paper they have concluded that the 

compressive strength for cellular light weight concrete is low for lower density mixture. The 
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performance of cellular lightweight concrete in terms of density and compressive strength are 

investigated. 

Hjh Kamsiah Mohd. Ismail, Mohamad Shazli Fathi and Norpadzlihatunbte Manaf: In this 

study paper the main specialties of lightweight concrete are its low density and thermal 

conductivity. Its advantages, disadvantages and applications were studied thoroughly. 

Satyendra Kumar Meena, Pushpendra Kumar Meena, Rakesh Kumar Meena, Rupayan Roy 

and Pawan Kumar Meena: It was studied that cellular lightweight concrete possesses high 

flow ability, low self-weight, minimal consumption of aggregate, controlled low strength and 

excellent thermal insulation properties. It has excellent resistance to water and frost and 

provides a high level of both sound and thermal insulation. 

K. Krishna Bhavani Siram: This paper shows how cellular concrete can be used as a 

replacement of burnt clay bricks. An attempt is made to compare cellular lightweight 

concrete (CLC) Blocks and Clay Bricks and recommend a replacement material to red brick 

in the construction industry. 

Cellular Concrete: 

Foamed concrete has a surprisingly long history and was first patented in 1923, mainly for 

use as an insulation material. The first comprehensive review on foamed concrete was 

presented by Valore in 1954 and a detailed treatment by Rudnai and Short and Kinniburgh in 

1963, summarizing the composition, properties, and uses of cellular concrete, irrespective of 

the method of formation of the cell structure. Significant improvements over the past 20 years 

in production equipment and better-quality surfactants (foaming agents) have enabled the use 

of foamed concrete on a larger scale. 

Cellular concrete, sometimes referred to as foam concrete, is a lightweight construction 

material consisting of Portland cement, water, foaming agent and compressed air. The foam 

is formulated to provide stability and prevent draining of water. Pozzolans such fly ash and 

fibers are often added to mix to customize compressive and flexural strengths. Cellular 

concrete typically contains no sand or aggregate. 

Cellular lightweight concrete is slurry of cement, sand, water, fly ash and preformed stable 

foam generated by foam generating machine. By trapping air bubbles within the concrete, a 

lightweight insulating material is formed. It has fireproofing, insulation, sound attenuation 

and energy absorbing characteristics. Cellular concrete is either cast-in-place or precast; 

however, most applications call for a cast-in-place material. 

Constituents of Base Mix: 

Ordinary Portland cement, Rapid hardening Portland cement and, high alumina and Calcium 

Sulfo aluminates have been used for reducing the setting time and also to improve the early 

strength of foam concrete. Fly ash and ground granulated blast furnace slag have been used in 

the range of 30–70% and 10–50%, respectively and as cement replacement to reduce the cost, 
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enhance consistence of mix and to reduce heat of hydration while contributing towards long 

term strength. 

Silica fumes up to 10% by mass of cement have been added to intensify the strength of 

cement. Alternate fine aggregates, viz., fly ash and lime, chalk and crushed concrete, recycled 

glass, foundry sand and were used to reduce the density of foam concrete. 

Making of Cellular Lightweight Concrete: 

The components of foam concrete mix should be set by their functional role in order as 

follows: 

a. Foaming agent 

b. Binding agent 

c. Water 

d. Aggregate 

e. Admixtures 

Properties of Foam Concrete: Fresh state properties: As foam concrete cannot be subjected 

to compaction or vibration the foam concrete should have flow ability and self-compact 

ability. These two properties are evaluated in terms of consistency and stability of foam 

concrete. 

Consistency: Flow time using marsh cone and flow cone spread tests are adopted to assess 

the consistency of foam concrete. The consistency reduces with an increase in volume of 

foam in the mix, which may be attributed to the (1) reduced self-weight and greater cohesion 

resulting from higher air content. (2) Adhesion between the bubbles and solid particles in the 

mix increases the stiffness of the mix. 

Stability: The stability of foam concrete is the consistency at which the density ratio is nearly 

one (the measured fresh density/design density), without any segregation and bleeding. 

Physical Properties: Drying shrinkage: Foam concrete possesses high drying shrinkage due 

to the absence of aggregates, i.e., up to 10 times greater than those observed on normal 

weight concrete. Autoclaving is reported to reduce the drying shrinkage significantly by 12–

50% of that of moist-cured concrete due to a change in mineralogical compositions. The 

shrinkage of foam concrete reduces with density which is attributed to the lower paste content 

affecting the shrinkage in low- density mixes. 

Low Density and High Strength: Due to its low density, foam concrete imposes little vertical 

stress on the substructure. 

- A particularly important attribute in areas sensitive to settlement. Heavier density 

(1000kg/m3+) foam concrete is mainly used for applications where water ingress would be an 

issue - infilling cellars, or in the construction of roof slabs for example. 
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Compressive strength: The compressive strength decreases exponentially with a reduction in 

density of foam concrete. The parameters affecting the strength of foam concrete are cement–

sand and water–cement ratios, curing regime, type and particle size distribution of sand and 

type of foaming agent used. For dry density of foam concrete between 500 and 1000 kg/m3, 

the compressive strength decreases with an increase in void diameter. For densities higher 

than 1000 kg/m3, as the air-voids are far apart to have an influence on the compressive 

strength, the composition of the paste determines the compressive strength. 

Flexural and tensile strengths: Splitting tensile strengths of foam concrete are lower than 

those of equivalent normal weight and lightweight aggregate concrete with higher values 

observed for mixes with sand than those with fly ash. The use of Polypropylene fibres has 

been reported to enhance the performance with respect to tensile and flexural strength of 

foam concrete. 

Functional Characteristics: 

Fire Resistance: Foam concrete is extremely fire resistant and well suited to applications 

where fire is a risk. Tests have shown that in addition to prolonged fire protection, the 

application of intense heat, such as a high energy flame held close to the surface, does not 

cause the concrete to spall or explode as is the case with normal dense weight concrete. 

Thermal Insulation: Foam concrete has excellent thermal insulating properties due to its 

cellular microstructure. The thermal conductivity of foam concrete of density 1000 kg/m3 is 

reported to be one-sixth the value of typical cement– sand mortar. 

Advantages of Cellular Lightweight Concrete 

Cellular lightweight concrete does not settle, therefore no compaction. 

It does not impose large loadings. 

It is free flowing so spreads to fill all voids. 

It has excellent load spreading characteristics. 

Applications of Cellular Lightweight Concrete 

Building Blocks: Blocks and panels can be made for partition and load bearing walls. They 

can be made in almost any dimensions. 

Floor Screed: Foamed concrete can be used for floor screeds, creating a flat surface on 

uneven ground, and raising floor levels. 

Roof Insulation: Foamed Concrete is used extensively for roof insulation and for making 

slopes on flat roofs. It has good thermal insulation properties and because it is lightweight 

foamed concrete does not impose a large loading on the building. Load Sub-Base: Foamed 

Concrete is being used on a road subbase on a bridge. Foamed concrete is lightweight so that 

the loading imposed on the bridge is minimized. 
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CONCLUSION 

It can be concluded that lightweight concrete has a desirable strength to be an alternative 

construction material for the industrialized building system. This study has shown that the use 

of fly ash in foamed concrete can greatly improve its properties. The properties of cellular 

lightweight concrete its advantages, disadvantages and applications were studied thoroughly. 
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ABSTRACT—An evolving topic in today’s era is Data Mining and Knowledge Discovery. Data 

mining and knowledge discovery in databases is attracting a lot of researchers, industry persons, 

academicians. Why this area is so emerging? This article provides an overview of this emerging field, 

gives an overview that how data mining and knowledge discovery in databases are related to each 

other and also to other related fields, such as machine learning, statistics, and databases. The article 

also mentions real-world applications, specific data-mining techniques, challenges involved in real-

world applications of knowledge discovery, and current and future research directions in the field. 

Keywords: Data Mining, Knowledge Discovery, Data Cleaning, Data Warehousing. 

INTRODUCTION 

Data is raw material of information that can be understood as any facts, numbers, or text 

which can be processed by machines. Information is the data that has been given some 

meaning no way of relational connections. For ex data collected from sales transactions can 

be used to analyze sales trends over the years. Knowledge is application of data and 

information.it can be considered as general awareness of information, facts, ideas, truth, or 

principle. 

Across a wide variety of fields, data is being collected and accumulated at a dramatic pace. 

There is an urgent need for a new generation of computational theories and tools to assist 

humans in extracting useful information (knowledge) from the rapidly growing volumes of 

digital data. These theories and tools are the subject of the emerging field of knowledge 

discovery in databases. 

At an abstract level, the KDD field is concerned with the development of methods and 

techniques for making sense of data. The basic problem addressed by the KDD process is one 

of mapping low-level data (which are typically too voluminous to understand and digest 

easily) into other forms that might be more compact (for example, a short report), more 

abstract (for example, a descriptive approximation or model of the process that generated the 

data), or more useful (for example, a predictive model for estimating the value of future 

cases). At the core of the process is the application of specific data-mining methods for 

pattern discovery and extraction. 

Data Mining is basically used today by most of the companies with a very strong consumer 

focus - retail, financial, communication, and marketing organizations, to “drill down” into 

their transactional data and determine pricing, client preferences and product related 
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information, impact on the sales, client satisfaction and corporate profits. With the help 

of data mining, a retailer can use point-of-sale records of client purchases to develop products 

and promotions to appeal to specific client segments. 

Knowledge discovery and data mining have become areas of growing significance because of 

the recent increasing demand for KDD techniques, including those used in knowledge 

acquisition, machine learning, databases, statistics, data visualization, and high-performance 

computing. Knowledge discovery and data mining can be very useful for the field of 

Artificial Intelligence in many areas, for example education, industry, commerce, 

government, and so on. The relation between Knowledge and Data Mining, and Knowledge 

Discovery in Database (KDD) process are presented in the paper. Data mining theory, Data 

mining tasks, Data Mining technology and Data Mining challenges are also proposed.  

The rules of Data mining are around a lot of functional elements. These functional elements 

also include the following:  

Statistics: 

This discipline is allocated completely to the analysis of data. Many mathematical models are 

framed, and the data is used as input for pattern analysis. This is used for association rules 

verification in data mining process. 

Machine Learning: 

In this area, the data sets are analyzed for models with statistical inferences and 

computational parameters. Most of the mining algorithms have machine learning groundwork 

in them. Database technology: In this phenomenon, the prescribed data set is optimized using 

different techniques like compression, query compounding and data set indexing and are 

mined for relevant unknown patterns. 

Information Theory:  

This discipline is applied in the sector of communication where the information that is 

synthesized and processed are quantitatively measured by employing a technique where the 

minimum bits required for encoding is considered. This discipline is used in data mining to 

get an understandable prioritization of data sets with complex structures. 

DATA MINING 

Data mining is the process of discovering useful information from large sets of data. Data 

mining uses mathematical analysis to find out patterns and trends that exist in data. These 

patterns and trends can be collected and defined as a data mining model. Mining models can 

be applied to specific scenarios, such as finding Sequences, forecasting, grouping. 

The area of data, data mining tasks, and data mining approaches faces many challenging 

research matters in data mining. The development of efficient and effective data mining 

methods and systems, the construction of interactive and integrated data mining 

environments, the design of data mining languages, and the application of data mining 

https://bigdata-madesimple.com/what-is-clustering-in-data-mining/
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techniques to solve large application problems are important jobs for data mining researchers 

and data mining system and application developers. Several well-established statistical 

methods have been introduced for data analysis, such as regression, generalized linear 

models, analysis of variance, mixed-effect models, factor analysis, discriminant analysis, 

time-series analysis, survival analysis, and quality control. Researchers have been attempting 

to build theoretical foundations for data mining. Several interesting proposals have appeared, 

based on data reduction, data compression, pattern discovery, probability theory, 

microeconomic theory, and inductive databases. There are many data mining systems and 

research prototypes to choose from. When selecting a data mining product that is appropriate 

for one’s task, it is important to consider various features of data mining systems from a 

multidimensional point of view. These include data types, system issues, data sources, data 

mining functions and methodologies, the tight coupling of the data mining system with a 

database or data warehouse system, scalability, visualization tools, and data mining query 

language and graphical user interfaces. Many customized data mining tools have been 

developed for domain-specific applications, including finance, the retail industry, 

telecommunications, bioinformatics, intrusion detection, and other science, engineering, and 

government data analysis. Such a Scheme integrates domain-specific knowledge with data 

analysis methods and provides mission-specific data mining solutions. The Proposed research 

work acts as a root for new works and assessment proof of the current work. 

PRINCIPLES OF KNOWLEDGE DISCOVERY 

Knowledge discovery is the phenomenon of finding previously unknown patterns and designs 

from a big volume of data sets and converting the obtained patterns into understandable and 

applicable knowledge information. This domain of Knowledge discovery consists of many 

processes. These processes can take place at various stages, which form the basic rules of 

Knowledge Discovery domain. These processes are Data Orientation: gather all the required 

data and build up one single accessible repository. 

Data cleansing:  

Data is processed, analyzed, and processed for better procedural treatment.  

Data Selection:  

Selecting the required data from the given data sets for obtaining pattern.  

Pattern Identification:  

The data sets are treated to unknown patterns and designs. 

KNOWLEDGE DISCOVERY PROCESS 

Knowledge discovery is the process of finding knowledge in the given datasets irrespective 

of their characteristics and size attributes. The process of understanding and extracting the 

pattern from the given databases comprises of many steps. It is clearly illustrated in the 

following figure 1. 
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Figure.1. Knowledge Discovery Process 

When a database is selected for data analysis, five main aspects should be considered. They 

are the factors to which the database belongs, Knowledge Prerequisite that is needed to 

understand the database, Application Knowledge required to obtain the required 

characteristics, Objective that has to be fulfilled after data pattern extraction and the level of 

attainment that is achieved after the pattern is discovered from the database. For the data 

pattern extraction process to be successful, we have to select the concerned dataset and create 

the desired variables that are required for correct or matching and analysis of the database. If 

the concerned variable is not properly done into the database, then it will result in biased data 

pattern output. After the concerned variable is fixed, the data-set is cleansed and is made to 

go into the pre-processing process. In the data cleansing stage, the data is removed from all 

the noises, incompleteness. These data-noises should be counted by collecting needed 

information for future enhancement of the removal process. Once the noises are removed 

after proper accounting made for them, data is reduced and are projected based on the 

objective that has to be fulfilled after data pattern extraction and the level of attainment that is 

gain after the pattern is discovered from the database. Once the data projection is made, the 

method of extraction of the data should be selected. The method that is to be employed for 

data extraction has to be carefully chosen because the method that is employed determines 

the level of uniqueness in the data extraction process. 

FUTURE WORK 

Data mining is defined as the phenomenon of discovering patterns from huge amount of data. 

The process should be automatic or (more usually) semi-automatic. The patterns discovered 

should be relevant in that they lead to some advantage, mostly an economic one. The data is 

invariably present in substantial quantities. And how are the patterns expressed? Relevant 
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patterns allow us to make nontrivial predictions on new data. There are two extremes for the 

expression of a pattern: as a black box whose innards are effectively incomprehensible, and 

as a transparent box whose construction reveals the structure of the pattern. Both are making 

good predictions assumptions. The difference is whether the patterns that are mined are 

represented in terms of a structure that can be examined, reasoned about, and used to inform 

future decisions. Such patterns are structural because they capture the decision structure in an 

explicit way. In other words, they help to elaborate something about the data. The proposed 

framework, by itself, has versatile groundwork both literature wise and procedural wise. This 

framework was formulated by studying a lot of domain related literature works presented in 

various conferences and journals. The proposed framework can be applied to various research 

studies. This framework can be used to make the students in the domain of Data Mining and 

Knowledge Discovery. The future work will include the more detailed study of the related 

areas with a clear definition based on new analytical techniques that must be employed when 

it comes to analyzing data from interdisciplinary areas. 
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ABSTRACT: Position estimation systems often use two or more different sensors to increase reliability 

and accuracy. Gyroscopes do not have the problems of limited range, interference, and field of view 

obscuration, but they suffer from slow drift. On the other hand, accelerometers are drift-free but have 

slow dynamics. This work investigates the use of a complementary filter to provide real-time estimates 

of the location and position of an underwater vehicle. The filter is designed to account for a number of 

real-life complications. These include different sensor output speeds, long gaps in receiving position 

information. 

INTRODUCTION 

Inertial measurement technology is available to commercial users today thanks to a 

significant reduction in price over the past decades. Consequently, low-cost inertial sensors 

can be integrated with a satellite navigation system using a conventional Kalman filter or a 

nonlinear state observer. 

The Key Components of the IMU are: 

Gyroscopes: The classic gyro is a spinning wheel that utilizes conservation of momentum to 

detect rotation and belongs naturally in a gimballed system. For strap down applications, 

optical gyros such as ring laser gyros (RLG) and fiber optic gyros (FOG) have been used for 

some time and are also expected to be the standard for high accuracy strapdown inertial 

systems for the foreseeable future. 

For low and medium cost applications, gyros based on micro-electric-mechanical systems 

(MEMSs) are expected to be dominant.  

Accelerometers: There are several different types of accelerometers. Two of these are 

mechanical and vibratory accelerometers. The mechanical accelerometer can be a pendulum, 

which in its simplest form is based on.  

STUDY OF MEMS SENSORS 

A Gyroscope is a gadget used to gauge rakish speed. It has wide application in the field of 

route. A rate gyro is a sort of spinner, which shows the heading just as the pace of progress of 

edge with time.A gyro with one single gimbal ring and two planes of freedom can be adapted 

for use as a rate gyro to measure a rate of angular moment. The rate gyro is an open loop 

system. Whereas the rate indicating gyro is a closed loop version of the rate gyro. FOG are 

solid-state rotation sensors that are appropriate for a wide variety of applications. FOGs bring 
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with it the advantages of long life, high reliability, input axis stability, and low acceleration 

sensitivity. 

High performance, long-lifetime gyroscope applications, such as satellite pointing, was 

formerly the domain of spinning wheel gyroscopes. Recently, the fiber optic gyroscope 

(FOG) has reached performance levels that make this solid-state rotation sensor appropriate 

for application like these. As with ring laser gyroscopes (RLGs), FOG exhibits a high 

reliability and excellent input axis (IA) stability due to their solid-state nature. Advantages of 

the FOG are the lack of a high-voltage power supply requirement, the elimination of 

mechanical dither and its associated reaction torques, and the ability to obtain small angle 

quantization more easily. 

AlliedSignal has designed a “pointing grade” fiber optic gyroscope (PG FOG) that is suitable 

for long-life, high accuracy missions. The basic FOG mechanization is like that of 

AlliedSignal’s other grades of FOG. Higher accuracy is achieved in the PG FOG through the 

use of a 3000-meter fiber length and 14 cm coil winding diameter. FOG is very expensive 

and used in applications with high accuracy. 

Advantage of FOG Technology 

1. No moving parts 

2. High stability over time 

3. High stability over temperature 

4. Reliability, Long MTBF 

5. Low sensitivity to environmental factors 

 

Fig. 1. Rate Gyro 
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Another sort of rate gyro is the Floated Gyro unit. This unit for the most part exercises self-

control and is known as a torsion bar. The upside of the torsion bar. The upside of the torsion 

bar over the spring is that the torsion bar needs no switch arm to apply torque. The torsion bar 

is mounted along the yield pivot (fig.) and produces controlling torque in either heading by 

curving as opposed to pulling. Additionally, there is no gimbal bearing contact to cause 

impedance with gyro activity.  

A liquid encompasses the gyro circle and gives buoyancy. It likewise gives security from stun 

and damps the motions coming about because of abrupt changes in the precise rate input. In 

this gyro, the inward gimbal dislodging must be estimated with some sort of electrical 

pickoff. As the gyro case is pivoted about the information hub, clockwise or 

counterclockwise, a precession torque will be created about the yield hub that will make the 

inward gimbal apply torque against the torsion bars. 

 

Fig.2. Floated Rate Gyro 

Principle of MEMS Based Accelerometer [4] 

Current accelerometers are regularly little electromechanical framework (MEMS), 

comprising of minimal in excess of a cantilever pillar with a proof-mass acknowledged in 

single precious stone silicon utilizing surface micromachining or mass micromachining 

forms.  

There are a wide range of approaches to make an accelerometer. A few accelerometers utilize 

the Piezo-electric impact. They contain minuscule gem structures that are worried by 

accelerative powers, which makes a voltage be produced. Another approach to do it is by 

detecting changes in capacitance. MEMS accelerometers are one of the simplest but also 

most applicable micro-electromechanical systems. They became indispensable in automobile 

industry, computer, and audio-video technology. 
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A typical MEMS accelerometer is composed of movable proof mass with plates that are 

attached through a mechanical suspension system to a reference frame. Movable plates and 

fixed outer plates represent capacitors. The deflection of proof mass is measured using 

capacitance.  

Low and High Pass Filters: Linear Time- Varying Setting 

The concepts of low pass and high pass filters play an important role in assessing the 

performance of complementary filters and are well understood in the case of LTI systems. 

We are now extending these concepts to the class of linear time-varying systems. The new 

concepts play a major role in assessing the performance of the linear time-varying 

complementary filters that are introduced later. 

High Pass Filter with Break Frequency ωc 

A linear, internally stable time-varying system G is said to be an (ϵ, n) low pass filter with 

break frequency ωc if (1-G) is an (ϵ, n) low pass filter with bandwidth ωc. 

The conditioning of the definition of low pass filters generalizes the following facts that are 

obvious in the LTI case. 

1. The filter must provide a gain equal to one at zero frequency. 

2. There is a finite band of frequencies over which the system behavior replicates very closely 

that of an identity operator. 

3. The system gain rolls-off to zero at high frequency. 

The order of the filter can be made sufficiently large to make it effectively select the “low 

frequency components” of the input signal. 

Time-Varying Complementary Filters: Navigation Problem Formulation 

The basic concept of complementary filtering to the time-varying setting. The motivation for 

this work can be simply described by considering the example where one is interested in 

estimating the position p and v of a vehicle based on measurements pm and vm of p and v, 

respectively.  

In the case of an ocean surface vehicle, pm is provided by a Differential Global Positioning 

System (DGPS), whereas vm is provided by a Doppler sonar. In the case of a fully 

submerged underwater vehicle, pm can be provided by a Long Baseline System. 

Due to the physical characteristic of the Doppler sonar the measurement vm is naturally 

expressed in body-axis, that is. In the reference frame{B}. Furthermore, Doppler bias effects 

are naturally expressed in {B}.  

This is in contrast with the measurements pm, which are directly available in the reference 

frame {I}. These facts impose important constraints on the class of complementary filters for 

position and velocity estimation.  
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Fig. 3. Underlying Process Model 

Where vd,0 is the Doppler bias. This set-up is all that is required for the design of 

complementary filters from a frequency-like domain point of view. Notice that the process 

model Mpv is time-varying due to the presence of the rotation matrix R(t). However, the 

entries of R(t) and their derivatives are not arbitrary functions of time, but exhibit bounds that 

depend on each specific vehicle mission under consideration. For example, if an underwater 

vehicle motion is restricted to the horizontal plane and the maximum yaw rate achievable 

with that vehicle is rmax, then this information must be explicitly included in the description 

of the process model Mpv. 

 

Fig.4 103-axis Complementary Filter 
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CONCLUSION 

Above we showed a mathematical model that are required to design a complementary filter. 

However, the outcome of the design process may very well be a filter with an effective 

bandwidth that is greater than one required. Although the situation and modelling of initial 

complementary filter is identical to Kalman filters.  

It is shown that the gyroscope and accelerometer noise pertaining to analog devices MEMS 

inertial Measurement Sensor have similar second order models which may be determined 

with sufficient accuracy by using the frequency-domain and time-domain characteristics of 

the noises. The error models are implemented as programs in MATLAB are appropriate for 

usage in the development of filters for navigation and control systems [1]. 
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ABSTRACT: Clinical trials are human research projects that assess the effectiveness of a medical, 

surgical, or behavioral intervention. They are the primary method used by researchers to assess 

whether a novel therapy, such as a new drug, diet, or kind of care, is medically advantageous in 

people. Clinical research has several difficulties since it is expensive, has a poor success rate, and 

frequently fails to choose the correct persons for trials when there is inadequate technological 

infrastructure. Therefore, machine learning can be quite important in this area. 

Keywords- Clinical Trials, Clinical Research, machine learning 

INTRODUCTON 

An essential part of the pharmaceutical development process is conducting clinical trials. 

They are the research studies performed to determine if a treatment method or product is 

effective and safe when utilized on people. Despite its ups and downs, the pharmaceutical 

sector is still quite profitable. Global legal medication spending is anticipated to increase at a 

pace of 2% annually, according to Quintiles IMS Holding. Clinical trials are difficult for 

researchers to perform since they are expensive and have a low likelihood of success. 

According to the US FDA, just one out of every ten medications used on people is approved, 

and the testing process is extremely expensive [1]. 

CLASSIFICATION OF CLINICAL RESEARCH 

Therapeutic studies: They evaluate the efficacy of a treatment in curing a medical state. If 

one does, it is often contrasted with an already-in-use alternative treatment to see which is 

more effective. The size of these studies varies depending on the number of participants and 

the type of study [6]. 

Mechanistic experiments derived from the word “mechanism”: In this research, it is 

sought to ascertain if a treatment's impact on biochemical processes in the body is a 

therapeutic effect or a side effect [6]. 

CHALLENGES WITH CLINICAL RESEARCH (without the use of Machine 

Learning): 

Low success rates and high expenses:  

To bring a single new drug to market, clinical trials take up the second part of a 10- to 15-

year development period and cost between $1.5 billion and $2.0 billion. Therefore, a failed 

drug study results in a loss of between 800 million and 1.4 billion dollars for each 

unsuccessful clinical trial [6], not only for the trial itself but also for the preclinical 
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manufacturing expenses. 

Selection of the patient cohort:  

The goal of clinical trials is frequently not to demonstrate a drug's effectiveness in a 

representative sample of the general population, but rather to prospectively select a subset of 

the population where the drug's effect, if any, will be easier to demonstrate. This method is 

referred to as "clinical trial enrichment." The observed efficacy of the medicine would be 

automatically decreased if a patient were included in the trial who was not already a member 

of the proper subgroup. Suitability refers to a disease that may not make it difficult or 

incredibly rare for participants to react to the medicine being evaluated. Suitability should not 

be confused with the degree of treatment efficacy or lack thereof throughout the study. 

Enrolling unfit patients increases the trial's likelihood of failing, even while having a high 

number of eligible participants does not guarantee an experiment's success [7].  

Recruiting techniques:  

Due to the uncertainty of the trial eligibility standards in terms of number and medical 

language, patients find it challenging to grasp and assess their own eligibility. It is a 

tremendous difficulty for both physicians and patients to manually get useful data from this 

enormous and unstructured data set. However, this stage primarily determines whether a 

patient is deemed acceptable and competent to register in a study, as well as if the recruiting 

site and the patient are aware of one another [7]. 

Poor technological infrastructure: 

The current clinical trials infrastructure is thought to be insufficient to meet the demands of a 

transformed Clinical Trials Enterprise (CTE) that would promote the speedy discovery of 

novel and effective therapies, produce accurate and trustworthy information regarding the 

clinical efficacy of health care treatments, and support a learning health system. Currently, 

the infrastructure for clinical trials is being built through trials or sponsorship, leading to 

"one-off" experiments that draw significant funding but are ultimately dismantled. Many 

have suggested that efforts to create a long-lasting, reliable clinical trials infrastructure might 

enhance the CTE's overall effectiveness and performance [7]. 

Role of Machine Learning in Clinical Trial and Research: 

1. The creation of a pool of applicants from a variety of data sources, such as past medical 

visits, social media, and so on, may be facilitated by researchers using machine learning-

based predictive analytics to identify potential clinical trial participants [8]. 

2. By utilizing the capabilities of electronic records, machine learning is currently being 

utilised to assure real-time tracking and data access for research volunteers, choose the proper 

sample size to analyse, and minimize data-based mistakes [9]. 

AREAS OF CLINICAL TRIALS WHERE MACHINE LEARNING IS CRUCIAL 

Study design: Because AI and machine learning can help with the estimation of the ideal 
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dose and configuration required for a drug to pass clinical trial stages, they can be 

incorporated into protocol design, allowing manufacturing companies to save money while 

delivering high-quality medications or therapy to patients more quickly [10]. 

Monitoring by Clinical Research Organization (CRO):  

In the past, the CRO team oversaw the overseeing of clinical science's 100% source data 

authentication. Because clinical supervision is an expensive and time-consuming process, the 

most current ICH-GCP guidelines have chosen a lean approach to this process. This calls for 

threat-based monitoring, or risk-based monitoring (RBM). 

• The integration of data from many applications, as well as the precise analysis and 

tracking of issues and dangers that people may otherwise miss, can be facilitated by data 

science tools and methodologies [10]. 

Site selection with the required population pool: 

Finding a location with the demographic pool required by the protocol is one of the most 

significant issues the CRO encounters. This may be avoided by employing efficient 

recruitment strategies in addition to applying AI and machine learning tools to identify and 

suggest places with the best recruiting chances. 

• To do this, it is necessary to evaluate patient demographics and proactively pinpoint 

locations with the best potential for accommodating many patients [11]. 

Identifying and recruitment of patients: 

Patient identification and recruiting are two of the most significant issues that most CROs 

face, and these issues contribute to variations from the study's initial recommendations. This 

is because of the sample's monitoring and recruitment of the patient population. Due to issues 

with their health or other events, the patient can already be eliminated from the analysis 

before it is finished. 

• By minimizing demographic heterogeneity throughout the enrollment process, AI has the 

potential to lower this dropout rate. A patient's ability to accomplish the study endpoints 

will be determined by data science software based on their medical history and protocol 

requirements. [12] 

Pharmacovigilance:  

To make sure that opioid protection is achieved, a sizable amount of organised and 

unstructured data must be analysed.AI and machine learning systems will therefore be able to 

address many of the problems and provide fresh viewpoints on medication safety. [13] 

CONCLUSION 

The future of clinical development is on the cusp of a significant change as a result of the 

convergence of enormous new digital data streams, computational resources to find clinically 

relevant trends in the data using effective artificial intelligence and machine-learning 
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algorithms, and regulators welcoming this revolution through new partnerships. This 

viewpoint summarizes viewpoints, recent developments, and recommendations for 

incorporating pertinent computational data into clinical research and health care from the 

academic community, the biotechnology community, non-profit foundations, legislators, and 

technological businesses [15]. 
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Abstract – This paper introduces a study of the implementation of facial emotion recognition and eye 

tracking technology for mentally fit intensive speech, disabled persons. It also presents a study of the 

augmentative and alternative communication, at present developed emotion recognition frameworks 

and few current speech disability support devices chosen from the internet. Using these techniques, the 

proposed design of simplex real-time communication framework to facilitate efficacious analysis of 

sentiments of speech-disabled person is recommended in this paper.  Although several devices are 

present, few with eye-tracking feature, but there is still a requirement for more versatile, cost-

efficacious device and the challenge is to achieve speech like a human from augmentative and 

alternative communication enabled device. 

Keywords- Eye-tracking technology, Facial Emotion Recognition, Augmentative and alternative 

communication  

INTRODUCTION 

Disability is a fixed term, containing impairments, action limits, and participation limitations. 

Impairment is a problem in body action or structure; an action limitation is trouble confronted 

by a person in performing a task; while a participation limitation is a problem faced by a 

person in involvement in life situations [1][41]. Disability can be categorized into different 

categories. 
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Physical disability is a limitation on a person's physical action or motion. While speech 

disability is a communication disorder such as voice impairment, language impairment, 

impaired articulation, and stuttering. Both negatively affect an individual’s educational, 

social and professional performance. More than 1000 million people in the world have few 

type of disability. Disabled persons are more possibly to be jobless.  

The employment rate for disabled persons (44%) is slightly over half that for general persons 

(75%) in the group of Economic Cooperation and Development countries [3]. There is more 

exploration range in speech disability than physical disability.  Surbhi Rathi et al. [4] 

highlight the problem of communication faced by deaf and dumb, the communication system 

is chosen for exploration.  

It has been seen since the ’90s that exploration with respect to speech and other disabilities is 

going on; augmentative and alternative communication is the best resolution for speech 

disability.  Pat Mirenda et al. [5] analyzed the issues referred to the communication of 

augmentation for persons with intensive mental disabilities. Barry M. Prizant et al. [6] 

introduced a huge expansion of speech, language and communication disorders in kids 

related to psychiatric and brain health for sentimental and behavioral issues.  

The acquired knowledge can be used in the development of support devices for 

communication. Also, emotion recognition has been an important input for efficacious 

human-computer interaction. Emotion can be defined as an attentive experience characterized 

by fast brain action and a definite intensity of pleasure or displeasure [7]. Emotion can be 

recognized through facial expressions, voice, and physiological signals. But facial 

expressions are the rich source of emotions. 

FACIAL EMOTION RECOGNITION 

Facial emotion recognition is the procedure of recognizing human emotion, from facial 

expressions [7]. Facial emotion recognition is the emerging application region of human-

computer interaction and computer vision. Modern years have witnessed an increasing 

attraction in systems able to interpreting facial emotions and responding to them. These 

systems can be used for designing human-computer interfaces, online contents, videos, 

advertisements, and games. Salwa Said et al. [8] proposed the latest technique for facial 

expression recognition based on wavelet network classifier; it permits the trace of 6 key 

emotions: sadness, anger, fear, hatred, joy, and surprise.  

This paper discussed the possible application in the detection of driver emotional state, smart 

television by facial controls. Emotion recognition has also application in the intelligent 

communication systems, intelligent wheelchair, navigation path system, etc. for physically, 

visually and other disability support frameworks. Emotion recognition is important for a 

speech generating device so that the output speech contains the user's emotions. Priya Saha et 

al. [9] introduced a paper to trace the region of interest (ROI) of expressive facial images. 

Face recognition and facial emotion recognition are active exploration areas, an ROI 

(triangular area covers from left eye to right eye and lips on the face) plays a crucial role in 
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them because major facial expressions always expressed by the muscles of this area.  

Normally emotions are specified into seven: anger, disgust, fear, joy, sad, startled and neutral. 

Jyoti Kumari et al. [10] introduced a survey paper, the paper analyses the different facial 

emotion recognition techniques normally based on geometry and appearance.  Ma Xiaoxi et 

al. [11] introduced a paper and compared the experiment outcomes of various prediction 

frameworks and concluded that the excellent performance of occurrence detection of AUs is 

got by sentimental facial classification framework with SVM. Hence, emotion recognition 

has huge importance in a speech generating device or in the area of augmentative and 

alternative communication. 

THE RELATION BETWEEN FACIAL EMOTION AND SPEECH PRODUCTION 

Speech is the biometric property of a human, emotion can be recognized from speech. Mohan 

Ghai et al. [12] introduced a paper and main aim is to identify sentiments in speech and 

categorize them in 7 sentiment classes - neutral, sadness, boredom, hatred, anxiety, 

happiness, and anger. The introduced viewpoint is based upon the Mel Frequency Cepstral 

Coefficients (MFCC) and energy of the speech signals as feature inputs and uses Berlin 

database.   

The paper concluded that the insertion of energy as a feature containing other thirteen MFCC 

features lead to the good evaluation of the emotion present in the speech. But we analyze that 

13 MFCC features extracted from human voice samples can be inserted in synthetic speech 

after recognition of facial emotion of the speech-disabled user. Hence the reverse process can 

generate synthetic expressive speech because the absence of   expressivity is the major 

problem in the present speech generating devices or disability support frameworks. 

PROBLEM WITH FACIAL EMOTION RECOGNITION 

Roshan Jameel et al. [13] introduced a survey paper that analyzed the few issues in the area 

of facial expression recognition and has discussed a few techniques used to the aim of facial 

expression recognition. The problem being faced currently in facial expression recognition is 

the absence of databases having the natural facial expression and preparing a similar database 

is the big challenge. 

For this, the approach of using secret cameras will not act efficaciously. Search out the 

labeling data for investigation, this practice is a challenge too; creating a fully genuine 

database is very hard but the semi-genuine database is relatively easy. So, this paper focuses 

on creating a database and sets out few of the important problems during the creation of a 

database. 

CLASSIFICATION PERFORMANCE OF FACIAL EMOTION RECOGNITION 

Various classifiers (Table 2.1) can be used to classify the captured emotion.  
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EYE TRACKING TECHNOLOGY 

Eye tracking technology measures the pupil movement of the eye relative to the head. Eye 

tracking is the easiest human-computer interface. It has application in the easy pilot interface, 

disability support framework, assistive technology, E-learning, Car assistive systems, Iris 

recognition and Field of view estimation. A disabled user can easily operate it by eye motion. 

Eye tracking technology has been used in commercial products: Eagle eyes, Blink, Smi, 

Tobii.   

 

Pramodini A. Pune et al. [18] introduced a study of eye tracking technology its type and 

application. Amer Al-Rahayfeh et al. [19] introduced a review paper on eye tracking and 

head movement detection; this is an active exploration field in human-computer interaction. 

AUGMENTATIVE AND ALTERNATIVE COMMUNICATION (AAC) 

 AAC is the communication manner used for replacement of speech or writing for those with 

impairments in the composition of spoken or written language. AAC is the best   resolution 
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for speech disability. So many devices are available to facilitate the AAC, but many of them 

are not expressive (output speech is synthetic). Shaun K. Kane et al. [20] introduced a paper 

and conducted interviews with 7 individuals with Amyotrophic Lateral Sclerosis and their 

fellows, concentrating on how AAC use affected their communication and personal 

expression. Alexander Fiannaca et al.[21] discussed a method voice setting for improved 

expressivity in AAC. Basically, conveying emotions in speech is expressivity, in this paper 

expressive keyboard and voice setting editor is used for fast insertion of expressivity in 

speech. Expressive Keyboard allows the insertion of emoji and punctuation into text for fast 

expressivity in speech. 

RELATED WORKS 

Augmentative and alternative communication is the active exploration field, few of the 

already developed devices or frameworks are chosen as related works. 

Christos D. Katsis et al. [22] introduced a unified framework based on physiological signals; 

the paper described a methodology, named Intrepid system which provides a   resolution for 

the observation of patients with worry disorders during therapy. The limitation of the Intrepid 

system is that it can capture only five emotions from physiological signals. The system can’t 

differentiate between internal and external emotion. Therefore, an integrated approach of 

physiological and facial emotion recognition is required in an emotion recognition 

framework.    

M.T. Quazi et al. [23] demonstrated a smart sensing system detects human emotions based on 

bodily parameters, the amplified and filtered signals from the sensors are then processed by a 

microcontroller and transmitted wirelessly using Zigbee technology, received signal then 

displayed on a computer, the partially developed system has demonstrated nice outcomes in 

observing the bodily parameters. The only drawback of the discussed system is that it can 

visualize the effect of only four emotions happy, sad, angry and neutral. 

Eun-Hye Jang et al. [24] introduced a paper; it illustrated the differences between boredom, 

pain, and surprise by using bodily signals.  The exploration in the paper could dedicate to 

enhance the sensibility of human feeling states and the basic bodily system. By revealing 

human’s emotional reply features from different groups, the findings could dedicate to 

anthropology. But the limitation of this paper, bodily signals can only recognize inner 

feelings. 

Kathawut Rojanasaroch et al. [25] introduced an easy, cheap communication aid device for a 

consult with a doctor by deaf-dumb, the system includes the steps: selection of images, 

transform the image to the pattern, comparison and pair with words, form sentences, send a 

corresponding sentence to display.  The device act as an interpreter between deaf-dumb and 

the doctor. The device dedicated to communication with a doctor by deaf –dumb during 

illness. The communication mode is simplex because device operates in one way and the 

sender is deaf –dumb and receiver is a doctor.  
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TobiiDynavox [26] introduced the new TobiiDynavox I-Series+ speech generating device 

along with Communicator 5 software. Trained eye tracking users can easily point over letters 

to form words they want to write. This has the ability to boost communication speed 

prominently for users because slow speed is the drawback of speech generating devices. I-

Series+ devices with touch screen and alternative eye tracking capabilities provide 

communication such as SMS, social networking, electronic mail, phone calls, etc. The letter 

or word displays on the screen of TobiiDynavox I-Series+ with associated pictures of that 

word so that the user can clearly understand them (e.g. Hand word with a picture of a hand). 

However, the output speech is not expressive from this device and expressive speech is that 

which can convey emotion. Mingmin Zhao et al. [27] introduced an emotion recognition 

system using the wireless signal as EQ-Radio. It acts by emitting a radio frequency signal and 

obtaining its reflections off an individual’s body. But such a system can be implemented over 

the human body for a small time, for example- x-ray. The human body can’t bear radio signal 

continuously because radio waves harm the human body. So where we required continuous 

emotion recognition this system is not appropriate. Elena Simion [28] introduced a paper on 

augmentative and alternative communication (AAC) and discussed that whenever a kid's 

speech does not develop generally or he cannot communicate efficiently through speech due 

to pre-existing situations, it is suggested to receive AAC support as soon as possible. Janice 

Light and David McNaughton [29] introduced an article on augmentative and alternative 

communication (AAC) and discussed that since these early days of AAC the area has 

observed dramatic changes:  

i. Changes in the population that uses AAC. 

ii. Changes in the range of communication require that must be considered. 

iii. Changes in the AAC systems that are available. 

iv. Finally, changes in expectations for participation by persons who use AAC. 

Jeff Sigafoos [30] introduced an article on augmentative and alternative communication 

(AAC) and discussed that AAC refers to a field of exploration and clinical specialization that 

spans several disciplines, containing assistive technology, psychology, rehabilitation, special 

education, and speech-language pathology. AAC exploration has included a broad range of 

subjects; from developing recent and more efficacious methods of executing AAC, to 

examine the effects of AAC use, to evaluating innovative assistive communication 

technologies. Clinical practice in AAC is largely related to enabling people with limited 

speech and language to communicate using one or more options for speech. AAC 

frameworks are also often used to enhance unintelligible speech. The exploration revealed 

that people with Autism Spectrum Disorder or intellectual disability might be able to self-

decide which of many AAC alternatives should be incorporated into their AAC interference. 

FINDINGS 

Augmentative and alternative communication has identified as an active exploration field and 

it is beneficial for disabled people so that they can live a better life. The problem faced by the 
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disabled in terms of assessment of communication requires, communication opportunity: 

cognitive/linguistic and capability assessment: sensory/perceptual has identified. 

But, in the present scenario, the major problems faced by speech disabled person are: 

1. Price of the device: - Many supporting devices are available for speech disability but the 

cost is high that can’t be bearable for a disabled person.  

2. Unavailability of Natural Speech: The speech generated from the devices is not natural, a 

disabled person feels uncomfortable with synthetic speech. 

3. Limitation of words and phrases: Many devices have the limitation of words and 

phrases; a disabled person can express only a few sentiments with limited words e.g. Go Talk 

Pocket, Logan Prox Talker, Mega Bee Eye Pointing Communication Tablet. 

Communication is very important for human life and this knowledge can be utilized in the 

development of perfect devices for speech-disabled persons. Here are few products available 

(Table 6.1) to support speech disability and used as an alternative communication tool by 

speech disabled person. 

 

[Table: 6.1:-Different speech generating devices] 
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PROPOSED FRAMEWORK 

The problem of speech disability has identified, augmentative and alternative communication 

has recognized as a good resolution. Few of the current AAC support devices or frameworks 

have been studied; the problem of high cost, expressivity, and limitation of words and phrases 

has been identified. So, the objective of the proposed framework (named as aawaj) is to 

overcome the problem of expressivity, high-cost, and limitation of words and phrases. 

Because present speech generating devices is less expressive and the cost is very high that is 

not bearable by a disabled person. The proposed framework is divided into three modules: 

facial emotion recognition, symbol selection and text to speech conversion. The limitation of 

the proposed system is that it can’t work efficaciously for the users those can’t express facial 

expressions. 

 

[Fig6.3: Architecture of proposed framework] 

Module A (Facial emotion recognition): Module A recognizes eight basic emotions- 

Contempt, Fear, Happy, Sad, Surprise, Disgust, neutral and anger.  G.J. Edwards et al. [36] 

exhibited a rapid, durable scheme of interpretation of face images using an Active 

Appearance Model (AAM); it is a repetitive process for fitting an AAM to face images. An 

AAM includes a computation model of shape and grey level appearance which can generalize 

to approximately any face.  
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[Fig6.4:-Module A] 

 

        [Fig6.5:-Module A- recognition of eight basic emotions] 

Steps of Module A: 

1. Find the facial area using active appearance modeling (AAM) 

2. The image conversion into a Gabor magnitude representation, using a bank of Gabor filters 

at 8 orientations and 5 spatial frequencies (4:16 pixels per cycle at 1/2 octave steps)   

3. Mark the Facial points: Feature selection algorithm 

4. Feature extraction: Action unit detection algorithm  

5. Classification: Support vector machine 

Module B(Symbol Selection)- Disabled user selects the target symbol using the onscreen 

keyboard, and form the sentences, which he want to speak.  

 

[Fig6.6:-Module B] 

 

[Fig6.7:-Module B- text editor] 
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Steps of Module B:- 

1. Display alphabets A to Z digits 0-9 and another symbol over the onscreen keyboard. 

2. Select letter, digit, and another symbol using an eye tracking device. 

3. Form the sentences.  

4. Send the sentences to module C for text to speech conversion. 

Module C(Text to speech Conversion): Module C convert text to speech in the form of 

identified emotion. The output voice can be chosen as a male voice or female voice. The 

voiced speech of a general adult male has a basic frequency from 85 to 180 Hz and that of a 

general adult female from 165 to 255 Hz. 

 

[Fig6.8:-Module C] 

Steps of Module C: 

1. Standard Text Editor 

2. Text Normalizer  

3. Grammar Dictionary 

4. Letter-to-phoneme rules  

5. Prosody rules  

6. Phonetic rules  

7. Emotion Insertion 

8. Voice generation 

9. Interrupt driver  

10. Output hardware  

The preliminary test: 

As an experiment to test and verify the validity of the partially developed proposed 

communication aid framework, a preliminary test was done without the eye-tracking device. 

The test includes a naturalness test, intelligibility test, accuracy test, and comprehensibility 

test. The outcomes of the test are given below. 

a. Naturalness Test: 

Mean opinion score and Degraded Mean Opinion Score are calculated to test and verify the 

naturalness of the output speech.  
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Mean Opinion Score (MOS): 

MOS is the easiest manner to evaluate the quality of output speech. MOS gives a numerical 

sign of the quality of the output speech. In this manner, the main concern of evaluator should 

be on the naturalness of synthetic speech.  Naturalness means that the voice is 

indistinguishable from human speech, and it is identical to human voice [37]. The naturalness 

aspect of synthesized speech will have to be understood by the evaluator, after hearing to the 

output voice. MOS is the average of the scores given by all the evaluators. 

MOS Quality of speech 

5 Excellent 

4 Good 

3 Fair 

2 Poor 

1 Bad 

Calculation of MOS: Test Data for MOS should contain a short paragraph that included all 

the possible variations primely: symbols, numerals, abbreviations, English words written in 

Latin and Indian scripts, and various types of sentences such as negative, declarative and 

exclamatory. Sentences chosen from various fields such as stories, news, sports, etc.  

 

 

Maximum Score=5 

For Male voice, MOS Score = 3.76 
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MOS Score percentage = 75.2 

For Female Voice, MOS Score = 3.74  

MOS Score percentage = 74.8 

Degraded Mean Opinion Score (DMOS): 

DMOS score is used to evaluate the naturalness aspect of the output voice by comparing the 

natural and synthetic speech.  In a DMOS manner, evaluators required to listen to synthetic as 

well as a natural speech in random order, without having earlier information about the type of 

speech i.e. synthetic or natural. The objective of this manner is to evaluate the speech in 

terms of naturalness. Mean of scores given to natural and synthesized speech separately by 

each evaluator will be computed [38]. 

 

Score of Naturalness 

5 Framework sound like Human 

4 Robotic sound but reading properly 

3 Reading sentences with less broken words in a robotic style 

2 Approximately every word broken 

1 Very intolerable 

[Table 6.10:-DMOS] 

Evaluator 

Score Given 

Synthetic Natural 

M F M F 

Evaluator 1 3.5 3.3 4 5 

Evaluator 2 3.7 3.6 5 4 

Evaluator 3 4 4.1 5 5 

Evaluator 4 3.4 3.5 4 5 

Evaluator 5 4.4 4.1 5 4 
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Normalized score of synthesized to natural, 

Male Voice =4.086 

Female Voice=3.97 

Intelligibility Test: 

Intelligibility tests are one of the crucial factors affecting speech quality. We can compute 

intelligibility of speech by MOS and WER.  

Mean Opinion Score (MOS): 

Intelligibility refers to the precision with which every word is pronounced so that the general 

listener can understand the meaning of the spoken word or phrase. In this manner, the 

attention of evaluator should be on the intelligibility of synthetic speech.  

 

 

Maximum Score=5 

Evaluator 6 3.7 4 4 5 

Evaluator 7 3.7 3.9 5 4 

Evaluator 8 4 3.6 4 5 

Evaluator 9 3.1 3.5 5 5 

Evaluator 10 4.1 3.8 5 5 

Total 37.6 37.4 46 47 
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For Male voice, MOS Score = 3.97,  

MOS Score percentage = 79.4 

For Female Voice, MOS Score = 3.9,  

MOS Score percentage = 78 

ii. Word Error Rate (WER):  

For this test, sentences which are semantically not understandable (SNU) but are formed in 

such a way that they are grammatical should be used. Word length of SNU sentences should 

not exceed by 7; because possibilities are that evaluators might forget them. SNU is used to 

judge intelligibility because it becomes hard for listeners to predict unheard information. 

After hearing a sentence, the evaluator will have to write whatever they heard, even if they 

don't understand the meaning. While computing WER, writing mistakes should be avoided 

[39].   

For every evaluator, 

 

Where,  

                   A is the no. of changes 

                 B is the no. of deletions 

                 C is the no. of insertions 

                 D is the total no. of words in the Sentence 

 

Average WER =1.9115 

Accuracy Test: 

For accuracy computation suitable selection of test data is important. All such data whose 

required output is well defined can be chosen for the accuracy test. Classification of test data 

is as follows:  

 

WER= 
(𝐴+𝐵+𝐶)

𝐷
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[Table 6.13:-Test Data] 

 

Score Quality of Speech 

5 Excellent 

4 Good 

3 Fair 

2 Poor 

1 Bad 

 

Accuracy=
𝑆𝑢𝑚 𝑜𝑓 𝑆𝑐𝑜𝑟𝑒

𝑇𝑜𝑡𝑎𝑙 𝑜𝑓 𝑀𝑎𝑥𝑖𝑚𝑢𝑚 𝑆𝑐𝑜𝑟𝑒
  *100 

Accuracy=
35

45
*100=77.77% 

Comprehensibility Test(CT): 

Intelligibility test focuses only on the recognition of every word without a focus on the 

meaning of the sentence. CT evaluates the complete sentence. CT carried out when the 

framework achieves the intelligibility up to admissible level else it is meaningless to carry out 

CT for the unintelligent framework; as intelligibility has a strong effect on comprehension 

[40].   

In the CT, the evaluator will be asked to hear a paragraph and based on that few questions 

will be asked. Questions should be framed in such a way that whether the evaluator has 

understood the paragraph listen or not can be observed. 
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A two-point scale (0, 1) is suggested for the CT. 

Scale Evaluation 

0 Incorrect answer 

1 Correct answer 

[Table 6.14: Comprehensibility test] 

 

Comprehensibility test Result:-70% 

 

[Fig 6.15:- The preliminary  test] 

 
Evaluator Score Given 

Evaluator 1 1 

Evaluator 2  1 

Evaluator 3 1 

Evaluator 4 1 

Evaluator 5 0 

Evaluator 6 0 

Evaluator 7 1 

Evaluator 8 0 

Evaluator 9  1 

Evaluator 10 1 
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CONCLUSION 

In the introduced work, the type of disability has discussed and speech disability chosen as 

the centre of exploration; augmentative and alternative communication has found as a good 

resolution to speech disability. An important application of facial emotion recognition and 

eye tracking technology has been identified in speech disability support frameworks.  A 

number of devices are available and few with the eye tracking capability, but the cost is very 

high, and these are less expressive. So, lack of an expressive device is found but our objective 

is to find a real-time expressive communication framework dedicated to the speech disabled 

person and different already developed devices have studied and Simplex mode is best suited 

for communication, because the system will be used by speech disabled  to express their 

feelings, and  that will be unidirectional communication. Therefore, there is a requirement for 

an expressive communication system for a speech-disabled person in simplex mode. That’s 

why the design of the proposed framework is prepared in this paper.  The preliminary test is 

performed in the lab to ensure the efficiency of the proposed framework; the above results in 

different metrics have shown the efficiency is 70 percent or more. 

FORTHCOMING WORK 

The cost of the current speech generating devices is very high and output speech is not 

expressive, both recognized as a major problem, so it is recommended that low cost and 

expressive speech generating device or framework should be developed in future. In the 

future, this is going to be a significant development until a full proof and cost-efficacious 

system for efficaciously interpreting the sentiments of speech disabled can be developed. In 

the future, the efficiency of the proposed framework will be increased, and the complete 

system will be tested with an eye-tracking device. 
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ABSTRACT: Indian authorities have eliminated the disputed article-370 from Jammu and Kashmir. 

This article was a barrier among the people of Jammu and Kashmir and rest of India. This paper 

provides the effective impact of the abolition of article 370 from Kashmir from the investment point of 

view due to the fact the state has a loss of jobs; local young people go to other states in search of jobs. 

Keywords-Tourism zone, Agriculture and dairy zone, manufacturing industry 

INTRODUCTION 

Recently, the Indian authorities determined to take away the article 370 from Kashmir. 

Article-370 of the Indian constitution gave special status to the area of Jammu and Kashmir, 

permitting it to have a separate constitution, a nation flag and autonomy over the inner 

administration of the nation [1], however because of this article the state progress stopped, 

because the investment rate become very gradual as required to meet the present-day demand 

of locals. 

INVESTMENT OPPORTUNITY IN JAMMU AND KASHMIR 

Jammu and Kashmir has many possibilities of investment in distinct sectors; this funding can 

provide many job opportunities to locals of this state. In step with the document “Investments 

in J&k can be now a top schedule in many company boardrooms. In the next five years, the 

adolescents in the region will gain from notable job opportunities due to those investments,” 

stated Puneet Dalmia, MD, Dalmia Bharat group [2]. 

TOURISM SECTOR 

Tourism sector was the spine of this state since the independence of India but the continuous 

terrorist activity from Pakistan badly affected this region, as an instance, houseboats business 

is nearly finished. 

SPIRITUAL TOURISM 

This state has famous spiritual locations of Hindus sh. Vaishno Devi holy cave, Sh Amarnath 

holy cave, Martand sun Temple in Anantnag, Khirbhavani Mandir in Ganderbal Jaya Devi 

Temple, Bijbehara historic Hanuman temple in Srinagar, Gautam Nag Temple in Anantnag   

and two hundred years old Ganpatyar Temple in Srinagar, each 12 months many people come 

in this state due to spiritual tourism and after the abolition of article 370, the number of 
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pilgrims will boom. 

NON-SPIRITUAL TOURISM 

This nation has many obviously beautiful places -Bahu castle, Mubarak Mandi Palace, 

Mansar Lake, Lamayuru -Moonland of Ladakh, Pangong Lake, Nubra Valley, Gulmarg, and 

Pahalgam, etc. After the abolition of article 370 this region will get a boost because due to 

this investment in resorts and restaurant will increase. 

AGRICULTURE AND DAIRY SECTOR 

This state has lots of investment opportunity in the agriculture area. Fruits, vegetables and dry 

fruits are majorly produced in the agriculture zone, after the abolition of article 370, this area 

will get a lift and the income of poor will boom. In conjunction with the agriculture area, the 

dairy area can even get a lift. in line with the document “For years, J&k’s dairy sector has 

been beset by way of demanding situations of low remuneration, expensive milk production, 

competition from non-public dairy players, and farmers losing interest in animal husbandry. 

Source- The Hindu” [3]. 

MANUFACTURING INDUSTRY 

This area has many sub-sectors and this area constantly has funding possibility, this sector 

generates services and goods. According to reports - “We suppose it will kick start with the 

corporations tying up with set up local investors to build the environment. This is how 

maximum cities and states develop and we see it as a high-quality opportunity for localities 

first. We plan to give you the manufacturing facility according with the upcoming investor 

summit within the month of October. We are hoping the choices will permit the organizations 

to operate freely under the same guidelines within the valley”, said Rajeev Kapur, MD, 

Steelbird Helmets [4]. 

“The revoking of Article 370 will help the J&k economic system for certain. The stagnation 

that the state financial system has suffered for decades can be reversed. Additionally, its 

miles a boon for students as well across India who wishes to seek employment within the 

valley and through our plant, we will be generating employment as nicely.” added Mr. Rajeev 

Kapur [4]. 

1) Food processing and packed water enterprise- This state has lots of funding possibility in 

food/fruits processing because products of agriculture zone want to be processed and packed 

water enterprise may be set up in the state due to the fact the state has many rivers. 

2) Film industry- This state has natural beauty so the state has plenty of locations which can 

be used for film shooting and the state government gets revenue. 

3) pharmaceuticals industry-This state is located within the Himalayan area, so many herbs 

can be grown here and later that can be utilized in pharmaceuticals enterprise and may be 

sold anywhere inside the country. 

4) Fabric enterprise- The state has a lot of opportunity inside the fabric industry, the woolen 
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cloths are well-known and have great demand within the north Indian marketplace, and after 

the abolition of 370 this sector will get a boost. 

COMPARISON WITH DIFFERENT UNION TERRITORIES 

India has many union territories some of them are with the legislature and some of them are 

without a legislature, and some Union territories have transformed into states. As we know, 

the statement of cutting-edge domestic minister of India Mr. Amit Shah in Rajya Sabha, 

Jammu and Kashmir can be transformed within the state after getting stability. 

Union territories without their own legislatures [5]: 

• Chandigarh 

• Dadra and Nagar Haveli 

• Daman and Diu 

• Lakshadweep 

• Ladakh (proposed from 31 October 2019) 

• Andaman and Nicobar Islands 

Union territories with their own legislatures [5]: 

• Jammu and Kashmir (proposed from 31 October 2019) 

• Puducherry 

• National Capital Territory of Delhi 

Former union territories (Currently States) [5]: 

• Arunachal Pradesh (1972–1987) 

• Goa, Daman and Diu (1961–1987) 

• Himachal Pradesh (1956–1971) 

• Manipur (1956–1972) 

• Mizoram (1972–1987) 

• Nagaland (1957–1963) 

• Tripura (1956–1972) 

We are able to take an example of Goa, it's far a small state and Goa has the highest NSDP 

per capita (₹ 420,383(US$6,100)) amongst all Indian states, and if we have a look at  Sikkim 

and Chandigarh are small states/union territory however hold more rank than massive 

states/union territory, so it's far clear that a small country or union territory can grow, and it 

requires a terror-free surroundings. another crucial concern is that Kashmir trade was being 

used for illegal cash transfer (hawala) to fund terrorist activity by Pakistan and this illegal 

money transfer had to prevent but felony exchange and economic activity need to increase 
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this can be achieved simplest by using remove article 370, so the Abolition of article 370 is in 

the favor of people of Jammu and Kashmir. 

CONCLUSION 

As we know the Kashmir Apple and pashmina sholl, have demand in the Indian marketplace, 

this state has lots of funding opportunity however article 370 was the massive obstacle of 

country progress. This turned into essential to be removed for the prosperity of the state. The 

5 Aug 2019 nowadays has been recorded inside the history, the abolition of Article 370 will 

convey happiness inside the lifestyles of nearby people, they'll get job, there in line with 

capita income will be elevated, the GDP contribution of the country, will boom, so after the 

general evaluation, we are able to say the state might be the happiest state of the Republic of 

India. 
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Enhancing Efficiency of Communication in Cognitive Radio Network 

Manoj Kumar Chaudhary1, Ashutosh Bhatt2 

1JB Institute of Technology, Dehradun,  
2UOU, Haldwani 

ABSTRACT: Cognitive Radio Network (CRN) is a high potential technologyfor future networks since 

the spectrum resources are limited and it will use channels effectively, it refers that systems are aware 

of context and are capable of reconfiguring themselves based on the surrounding environments and 

their own properties with respect to spectrum, traffic load, congestion situation, network topology, and 

wireless channel propagation. The role of TCP is crucial in cognitive radio. The Primary User 

occupying or releasing a communication channel in CRN is to be handled properly when secondary 

user is using it. To handle this issue there should be a cognitive communication between TCP&MAC. 

This paper investigates this issue to overcome the TCP throughput decay in cognitive radio networks to 

enhance the efficiency of communication. 

Key Words- Cognitive Radio, TCP, MAC, Spectrum sensing, wireless communication  

INTRODUCTION 

In Cognitive Radio Networks the Primary User (PU) with Licensed Band and the Secondary 

User (SU) with Unlicensed Band plays key role in using bandwidth efficiently. As per the 

statistics of Federal Communication Commission (FCC) in [2], the utilization of the allocated 

spectrum in a geographical region vary from 15% to 85% .Cognitive Radio networks enhance 

utilization of bandwidth by allowing the SU to use idle bands. The SU can use the licensed 

band when primary user in not using it, SU employ access mechanisms to transmit data when 

the spectrum opportunity appears and these mechanisms are known as opportunistic spectrum 

access (OSA)[3],[4],[5]but PU is the highest priority user; it can influence SU traffic by both 

accessing and leaving its bandwidth. The PU in CRN differentiates it from the other entire 

wireless network. If possible, SU should avoid the primary user & stop transmitting data 

when PU wants to use the same bandwidth. In Cognitive Radio Networks the main functions 

are spectrum sensing, spectrum management, spectrum mobility, spectrum sharing [3]. The 

SU will make a channel sensing schedule to use the best available channel & manage it from 

interference of PU as per the access schedule allotted. The TCP throughput decay in wireless 

network is mainly due to environmental factors. The parameters of the MAC/PHY layer is 

communicated to the TCP layer to enhance the throughput. The transmission behavior of 

TCP plays the key role in throughput decay, rather than MAC, The MAC/PHY layer 

information is responsible for the SU to avoid the PU’s interference. Therefore, the proposed 

solution investigates a cognitive communication between TCP & MAC that uses CR device 

information in cognitive radio networks to enhance the efficiency of communication. 

In this paper, we study the issue to overcome the TCP throughput decay in cognitive radio 

networks and the proposed solutions for handling channel occupying or releasing by primary 

user when secondary user is using it. A packet loss due to the PU’s interference can be sensed 
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by a CR device, because the PU’s signal can be identified by its characteristics [3]. The SU 

can easily distinguish the PU’s interference from other packet loss. The channel where 

primary user is not using very much indicates that Secondary User have high bandwidth 

capacity on an average whereas in opposite case Secondary User have low bandwidth 

capacity on an average. These cases impact TCP throughputs leading to some error estimate 

information. For instance, the RTT value is probably overestimated in the case of low 

bandwidth capacity with low PU activity. 

This paper is organized as follows. In Section II we will discuss background and related 

work. Then, the proposed works are described in Section III. Performance evaluation of our 

proposal is done in Section IV and Section V concludes the paper and discusses the future 

work. 

 

Fig1. Opportunistic Spectrum Access tracks 

BACKGROUND & RELATED WORKS 

Cognitive Radio: Cognitive radio (CR) [6] is a high potential technology for 

communications and networking, it refers to the solution to the problem of spectrum scarcity. 

In CR communication the radio spectrum is used in an opportunistic manner, while PU is not 

using it.CR enabled devices continuously monitor their radio environment in order to find so-

called spectrum holes, that is, channels which are unused at a particular time and location. 

Such bands are used for communication between CR devices. Since CR users are secondary 

users, they have also to constantly monitor the used band to detect any activity by primary 

users as soon as primary users  appear, CR users have to take measures to avoid interfering 

with them, like e.g. moving to a different, free frequency bandor reducing their transmission 

power.It is therefore of the utmost importance to understand the performance of CR systems, 

and especially the impact they may have on the performance of users applications and users 

experience. Cognitive radio can be regarded as a software-defined radio (SDR), where a 

cognition cycle allows for wireless terminals to be known of their radio environment and to 

adapt to it accordingly [7].  
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Since its introduction by Mitola [7], the concept of cognitive radio has been the subject of 

much research effort. Many solutions have been proposed in the related field to address TCP 

issues on cognitive radio network. A cognitive TCP for example, [12] suggests a TCP 

solution by adapting MAC/PHY parameters to improve throughput. The codec & modulation 

in the physical layer, and frame size in the MAC layer can change dynamically to maximize 

TCP throughput. TCPCRAHN [13] is a window-based, TCP-like spectrum-aware transport 

layer protocol for CR ad-hoc networks. The main idea of TCP CRAHN is to distinguishes 

between different spectrum specific conditions like (a) spectrum sensing and switching, (b) a 

PU sudden appearance, (c) SU’s movement, and then to take state-dependent recovery 

actions. In the other words, [12], [13] focus on the cases of lower layers’ influence on TCP. 

The TCP throughput decay is due to variance bandwidth in a CR environment. A throughput 

decay problem, which is due to improper congestion window decay while TCP flow passes 

the CR link, is studied. We consider the congestion window decay as a slight-level congestive 

loss to TCP [14][15][16].  

Proposed Work: As shown in Fig2. When primary user wants to access a channel when 

secondary user is using it, there will be a case of collision, and the secondary user should 

leave the occupied channel and give its access to primary user. Due to this interference 

secondary user may loss packets. When primary user leaves this occupied channel, Secondary 

user congestion event will occur which will increase its bandwidth capacity. Due to these 

activities RTT in TCP will vary and bandwidth capacity of secondary user will change. To 

overcome this problem, we use CR-MAC protocol [10]. This MAC protocol is based on the 

following characteristics: 1) Secondary User has a fixed MAC super-frame size & it will scan 

all channels and decides which channel to access in the beginning of each super frame. 2)  N 

orthogonal channels for the Primary User and Secondary user to use without any interference 

with each other. 

Time 

Fig2. PU Occupying Channel in MAC Super Frame 

Secondary user can access all the channels simultaneously. The total bandwidth capacity is 

the aggregate of the entire channel it will use. 3)  Secondary user will vacate all the channels 

in use whenever the Primary user accesses it. 4) Channel must contain at least one Primary 

User transmitter-receiver pair. 5) The MAClayer willprovide historical channel utilization 

information of the Primary User and actual channel availability. 6) The MAC layer can 

differentiate between noise or another Secondary user signal& Primary user signal. 

The CR-MAC characteristics (5) figure out the historical channel utilization of a PU and 

current channel availability. The PU’s historical channel utilization indicates long-term trends 

 Channel 1 SU  SU SU SU  

Channel 2   SU  SU  

Channel 3 SU  SUPU occupying 

Channel 4  SU     

Channel 5  SU SU SU   
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of probability that a PU will interfere with a SU. This information also helps a SU to identify 

better channels (which mean less chance to be interrupted) to access. Next is current channel 

availability, a SU’s maximum bandwidth capacity on a CR link can be derived from channel 

availability. Bandwidth capacity is a less time information for a MAC-super-frame. This 

information does not indicate actual value of the remaining availability of a CR link. Using 

the information from these cases we will investigate when TCP throughput decay occur. The 

long-term history of the link will provide general cases of the link. For instance, when 

channel with less PU influence indicates that SUs have high bandwidth capacity on average. 

However, to a CRlink, bandwidth capacity may be temporarily low for unstable real-time 

channel availability. Short-term information probably shows opposing trends to long-term 

information in some rare cases. These rare cases impact TCP throughputs leading to some 

error estimate information. For instance, the RTT value is probably overestimated in the case 

of low bandwidth capacity with low PU activity. 

Following information is required for cognitive communication between TCP & MAC: 

• History of channel accessed by Primary user, describing that statistics when a Primary 

User will take access when Secondary user is using that channel. 

• Available Channels, which helps secondary user to get the bandwidth capacity to reduce 

packet loss. 

• To find out when TCP throughput decay occurs from the information provided by 

Cognitive Radio Devices.  

When Secondary user access a channel in each MAC super frame, the packets lost due to 

Primary user interference loss event can be retransmitted in the beginning of the next super-

frame rather than waiting for other retransmission mechanisms. If a PU interfere SU, the PU-

interference handler [1] sends all packets in the congestion window again at the beginning of 

the next MAC super-frame. A worst-case may occur if the TCP’s packets are retransmitted 

by the back-off mechanism: if a PU interfere SU exactly when that TCPbacks-off, TCP 

clients may starve even if a PU’s traffic load is light. The starvation, which causes throughput 

decline, is more serious when the MAC super-frame is longer. On the other hand, if the MAC 

super-frame is short, the collided packets are possibly recovered by MAC retransmission. By 

forcing the collided packets to be retransmitted at the beginning of the MAC super-frame, the 

starvation cases can be relaxed. However, forcing the packets to retransmit causes duplicate 

packets. To avoid decreasing the congestion window, ACKs of retransmitted packets are not 

counted into duplicate ACKs. 

A faster-recovery mechanism [1] is implemented when a mild-congestion situation occurs; 

the TCP stores parameters of the congestion window (size, thresholds. . . etc.). After a period, 

p, the TCP client tries to restore these parameters. Fig. 3 illustrates the idea of the fast 

recovery mechanism. Two problems of implementing the faster-recovery mechanism include: 

when to execute (to differentiate a condition of low bandwidth capacity with low PU 

influence) and when to restore parameters (to find out p). Concerning, the first case, we must 
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differentiate the cases of “high bandwidth availability from low bandwidth availability in a 

low PU influence. A bandwidth availability estimator of a CR link is introduced by 

aggregating multiple ON-OFF traffic models. 

 

Fig3.  Faster-recovery mechanism [1]. 

To distinguish between the high and low bandwidth availability of a particular PU activity 

case, a threshold that implies situations of rising/falling bandwidth availability is used. That 

is provided a certain PU activity ratio, the bandwidth capacity value of a congestion event is 

“high” or “low,” and it can be driven from this threshold.  

 

Table 1 Parameters of Simulation 

RESULTS 

Fig4. Show performance level to overcome the TCP throughput decay in cognitive radio 

networks for handling channel occupying or releasing by primary user when secondary user 

is using it. The study is done using NS-2. 10 channels are used in the CR link. An SU can use 

N channels simultaneously from 1 to 10. Channel has a fixed bandwidth during simulation. 

An SU senses a channel in every 2 second, IEEE 802.22 standard [14], and this interval 

equals the length of the MAC super-frame. Simulation, parameters are arranged inTable1. 

Improvement in TCP throughput slightly decreases with increased channel bandwidth. The 

 
Parameter Value 

Bandwidth per 

channel 

100 Kbps, 1Mbps 

Total Channel 10 

PU Influence 1%,75% 

Sensing Interval 1,2 seconds 
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reason for that is the MAC can resend the collided packets faster if the channel bandwidth is 

higher, which indicates that the TCP suffers a less packet timeout event. As a result, Fig. 5 

the TCP has less packet loss events due to PUs’ influence. 

 

Fig4. Performance of PU in different Bandwidth Capacity. 

 

Sensing Interval (sec) 

Fig5. Performance of TCP in sensing interval after throughput gain in Cognitive Radio 

Networks. 

CONCLUSION 

In this paper, we investigate the TCP throughput decay problem arise in CRN due to PU & 

SU. We proposed a cognitive communication between TCP & MAC to enhance the 

performance of TCP over cognitive radio networks. Simulation results in Fig5.show that the 

proposed solution significantly improves TCP throughput over CRN in different situations. 

The performance of the proposed mechanism was evaluated, and it showed significant 

improvement in terms of link utilization efficiency as compared to standard TCP. In future 

we would like to develop our simulator with more details related to micro mobility and new 

cognitive radio parameters. 
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CHAPTER-7.1 

A Model for Effectively Creating New Products 

Harish Prasad Sati, Dr. Anuj Gupta 
Management Department, JB Institute of Technology, Dehradun 

harishprasadsati123@gmail.com 

ABSTRACT: Organizing and managing the development of new products has been perceived as a 

difficult task in both academic and industrial settings for many years. Unfortunately, the aspect of 

sustainability has often been overlooked in this process, despite the opportunity to incorporate 

sustainable characteristics throughout the product's life cycle. The aim of this paper is to establish a 

connection between sustainability and new product development by presenting a conceptual framework 

that highlights the interdependencies between these two concepts, adopting a life-cycle and product-

centric perspective. To date, no such connection between sustainable new product development and the 

life cycle of the product has been extensively explored. This paper seeks to elucidate this relationship, 

bridging the topics of new product development and sustainability, ultimately promoting a life-cycle 

approach that supports the development of sustainable new products. The proposed conceptual 

framework emphasizes the importance of involving life-cycle management and product life-cycle 

management to achieve sustainable new product development. By adopting a product-focused product 

life-cycle management approach, it provides the necessary structure for collaborative and sustainable 

new product development, incorporating cross-departmental and cross-company processes, data, and 

individuals. Collaboration plays a crucial role in integrating life-cycle-based concepts to achieve 

sustainable new product development. This paper contributes in two ways: firstly, it presents a fresh 

conceptual framework for sustainable new product development through the application of product 

life-cycle management, thereby extending existing research on environmentally friendly new product 

development; secondly, it offers an approach focused on life-cycle management to facilitate 

collaboration by reducing complexity, harmonizing processes, and leveraging technology. 

Keywords: New product development, critical success factors, metrics, tools and techniques 

INTRODUCTION 

The new product development (NPD) literature emphasizes the importance of introducing 

new products on the market for continuing business success. Its contribution to the growth 

of the companies, its influence on profit performance, and its role as a key factor in business 

planning have been well documented (Booz, Allen & Hamilton, 1982; Crawford, 1987; 

Urban & Hauser, 1993; Cooper, 2001; Ulrich & Eppinger, 2011). New products are 

responsible for employment, economic growth, technological progress, and high standards of 

living. Therefore, the study of NPD and the processes through which they emerge is 

important. 

In the last few decades, the number of new product introductions increased dramatically as 

the industry became more aware of the importance of new products to business. 

Correspondingly, managing the NPD process has become a challenge for firms as it requires 

extensive financial and human resources and is time sensitive. The harsh realities are that the 

majority of new products never make it to market and those that do face a failure rate 

somewhere in order of 25 to 45 percent (Crawford, 1987; Cooper, 2001). For every seven 
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new product ideas, about four enter development, one and a half are launched, and only one 

succeeds (Booz, Allen & Hamilton, 1982). Despite the extensive research on how to achieve 

success in NPD, firms continue to deliver products that fail and therefore NPD ranks among 

the riskiest and most confusing tasks for most companies. As the number of dollars invested 

in NPD goes up, the pressure to maximize the return on those investments also goes up. It 

becomes worse as an estimated 46 percent of resources allocated to NPD are spent on 

products that are canceled or fail to yield an adequate financial return. 

In this paper, we propose a framework that identifies the critical success factors (CSF) for 

each phase in the NPD process, metrics to measure them, and techniques that can be used to 

evaluate each metric. Our study is based on an extensive review of the NPD literature. The 

paper is presented as follows. In the next section, we discuss the NPD process, followed by a 

discussion of critical success factors and metrics. Our framework is then described in detail, 

and we conclude with a discussion of our work. 

New product development: The NPD process consists of the activities carried out by firms 

when developing and launching new products. A new product that is introduced on the 

market evolves over a sequence of stages, beginning with an initial product concept or idea 

that is evaluated, developed, tested and launched on the market (Booz, Allen & Hamilton, 

1982). This sequence of activities can also be viewed as a series of information gathering and 

evaluation stages. In effect, as the new product evolves, management becomes increasingly 

more knowledgeable (or less uncertain) about the product and can assess and reassess its 

initial decision to undertake development or launch. Following this process of information 

gathering and evaluation can lead to improved new product decisions on the part of firms by 

limiting the level of risk and minimizing the resources committed to products that eventually 

fail. The NPD process differs from industry to industry and from firm to firm. Indeed it 

should be adapted to each firm in order to meet specific company resources and needs (Booz, 

Allen & Hamilton, 1982). 

Many researchers have tried to develop a model that captures the relevant stages of the NPD 

process (Ulrich & Eppinger, 2011; Wind, 2001; Cooper, 2001; Crawford, 1987; Scheuing, 

1974). A number of detailed NPD models have been developed over the years, the best 

known of which is the Booz, Allen and Hamilton (1982) model, shown if Figure 1, also 

known as the BAH model, which underlies most other NPD systems that have been put 

forward. This widely recognized model appears to encompass all of the basic stages of 

models found in the literature. It is based on extensive surveys, in depth interviews, and case 

studies and, as such, appears to be a fairly good representation of prevailing practices in 

industry. 
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Figure 1. Stages of New Product Development (NPD) (Booz, Allen & Hamilton, 1982) 

The stages of the model are as follows: 

• New Product Strategy: Links the NPD process to company objectives and provides 

focus for idea/concept generation and guidelines for establishing screening criteria. 

• Idea generation: Searches for product ideas that meet company objectives. 

• Screening: Comprises of an initial analysis to determine which ideas are pertinent and 

merit more detailed study. 

• Business Analysis: Further evaluates the ideas on the basis of quantitative factors, such 

as profits, Return-on-investment (ROI), and sales volume. 

• Development: Turns an idea on paper into a product that is demonstrable and producible. 

• Testing: Conducts commercial experiments necessary to verify earlier business 

judgments. 

• Commercialization: Launches products. 

Booz, Allen and Hamilton (1982) found that companies that have successfully launched new 

products are more likely to have some kind of formal NPD process and that they generally 

pass through all of the above stages. Our framework is based on the BAH model, however, 

we exclude the commercialization stage; while this stage represents an important area of 

concern, our study deals with the pre- commercialization stages of the NPD process. 

Critical success factors: Over the last two decades, several studies have examined the 

determinants of NPD success and identified many factors that distinguish successful products 

from unsuccessful ones. Factors that are necessary and guarantee commercial success are 

termed as critical success factors (CSF): it is imperative to reflect on how one can benefit 

from each and how one can translate each into an operational aspect of the NPD process. 

Daniel (1961) and Rockart (1979) proposed that organizations need to identify factors that 

are critical to the success of that organization, and they suggested that the failure to achieve 

goals associated with those factors would result in organizational failure. In fact, it is even 

suggested that NPD itself is a CSF for many organizations. Given that this is now a well-

known fact, the idea is to determine what factors in NPD are essential for success, and how to 
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measure the extent of this success. The challenge is to design a process for successful product 

innovation - a process whereby new product projects can move quickly and effectively from 

the idea stage to a successful launch and beyond. 

Metrics: A metric tracks performance and allows a firm to measure the impact of process 

improvement over time. Metrics can play an important role in helping companies to enhance 

their NPD efforts and are important for at least three reasons. First, metrics document the 

value of NPD and are used to justify investments in this fundamental, long term, and risky 

venture. Second, good metrics enable Chief Executive Officers and Chief Technical Officers 

to evaluate people, objectives, programs, and projects in order to allocate resources 

effectively. Third, metrics affect behavior. When scientists, engineers, managers, and other 

NPD employees are evaluated on specific metrics, they often make decisions, take actions, 

and otherwise alter their behavior in order to improve the metrics. The right metrics align 

employees' goals with those of the corporation; wrong metrics are counterproductive and lead 

to narrow, short-term, risk-avoiding decisions and actions. 

Any metric that might be applied to NPD will often focus on one function or another or on 

the entire NPD process. But no one function is the sole contributor to the process that 

produces new products. A metric for the productivity of the R&D organization, for example, 

may show constant improvement. In spite of this improvement, however, there may be no 

improvement in the rate at which new products reach the market (Beliveau et al., 2002). What 

is important to measure is the effectiveness of the stages of NPD process in an interdependent 

fashion. A lack of useful metrics is undoubtedly one reason that the success rate of NPD has 

not improved appreciably over the past 40 years Crawford (1979, 1992). If companies had 

reliable metrics to gauge their performance, then specific problem areas could be addressed 

and managers might see the same improvement in their NPD efforts that they come to expect 

from their quantifiable total quality management programs (Lynn & Reilly, 2000). 

Critical success factors and metrics for stages of the NPD process: In what follows, each 

stage of the NPD process and its respective CSFs, metrics, and tools and techniques for 

measuring progress are explained in detail. 

New Product Strategy: Prior to commencing an NPD project, companies must set objectives 

and devise a clear new product strategy (NPS) to meet them (Wind, 1982). The purpose of 

this stage is to provide guidance for the new product effort. It identifies the strategic business 

requirements that the new product should comply with, and these are derived from the 

corporate objectives and strategy of the firm as a whole. These business requirements assign 

roles to be played by the new products, which in turn are influenced by the needs of the 

industry (Booz, Allen & Hamilton, 1982). 

CSFs for NPS: A firms’ strategy should provide a clear understanding of the goals or 

objectives for the company’s new product program, and should indicate the return-on-

investment (ROI) expected such that the contribution of new products to corporate goals is 

well-understood. Furthermore, clearly defined arenas, i.e., specified areas of strategic focus, 
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such as products, markets, or technologies, are needed to give direction to the firm’s total 

new product program. 

The problem at this stage is not only one of developing a clear strategy but also its 

implementation, i.e., translating the strategy into terms that everyone understands to bring 

focus to day-to-day actions, and communicating the strategy with other members in the 

organization. Prior research suggests that companies that recognize the importance of 

interventional coordination and effectively sharing an NPS across departments will have 

more successful new products (Cooper, 1999). The role of new products in achieving 

company goals was clearly communicated to all in such firms. Thus, once a clear NPS is 

defined, the related confounding problem is communicating clearly the needs, requirements, 

resources, and plans for a new product effort - in essence, internalizing the strategy. This 

communication must take place in multiple forms; however, a well-documented plan and 

specification must serve as the foundation. In summary, the establishment and 

communication of a clear plan and a strategy for an NPD project is a key requisite for 

success. Businesses that have a well-articulated NPS fare much better than those lacking 

in this aspect and they have 32 percent higher NPD success rates, meet sales objectives 42 

percent more often, and meet profits objectives 39 percent better (Cooper & Kleinschmidt, 

1995). 

Metrics for NPS: The return-on-investment (ROI) compares the company’s yearly income 

with the investment in the asset. While the ROI is not too challenging, management should 

understand how the ROI benchmarks have been calculate so that relevant comparisons can be 

made for the project under evaluation. A company’s ROI proves to be useful in setting the 

new product goals. This metric will help to determine if the cost to develop a new product 

exceeds the resulting benefit, or if the payback affects the corporate bottom line. The aim 

here is to compare the return expected to be received from the project with some pre-

established requirement. This long-term metric set by the corporate objectives should be 

linked with the NPS. 

Tools and techniques for NPS: The Balanced Scorecard (BSC) provides the instrument the 

firm needs to navigate to future competitive success (Kaplan & Norton, 1996). BSC 

translates an organization’s strategy into a comprehensive set of performance measures that 

provides the framework for a strategic measurement and management system. The scorecard 

measures organizational performance drivers across four perspectives which provide its 

framework: financial, customers, internal business processes, and learning and growth. The 

objectives and the measures of the BSC are the collection of financial and non-financial 

performance measures; they are derived from a top- down process driven  by the strategy 

of the business unit. The measures are balanced between the outcome measures - the 

results from past efforts - and the measures that drive future performance. The scorecard is 

balanced between objectives, easily quantified outcome measures and subjective performance 

drivers of the outcome measures.  
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Organizations should use the scorecard as a strategic management system, to manage their 

strategy over the long run and use it for the measurement focus of the scorecard to 

accomplish critical management processes, including communicating and linking strategic 

objectives and measures. 

The BSC strategic objectives and measures are communicated throughout an organization via 

company newsletters, bulletin boards, videos, and even electronically through groupware and 

networked personal computers. The communication serves to signal to all employees of the 

critical objectives that must be accomplished if an organization’s strategy is to succeed. Once 

all employees understand high-level objectives and measures, they can establish local 

objectives that support the business unit’s global strategy. 

The organizational communication and education program should not only be comprehensive 

but also periodic. Multiple communication tools can be used to launch the BSC program: 

executive announcement, videos, meetings, brochures and newsletters. This initial 

announcement should then be followed continually, by reporting scorecard and outcomes on 

bulletin boards, newsletters, groupware, and electronic networks. The design of such a 

program should begin by answering fundamental questions: 

• What are the objectives of the communication strategy? 

• Who are the target audiences? 

• What is the key message for each audience? 

• What are the appropriate media for each audience? 

• What is the time frame for each stage of the communication strategy? 

• How will top management know that the communication has been received? 

The BSC links financial objectives to corporate strategy. The financial objectives serve as the 

focus for the objectives and measures in all the other scorecard perspectives. Every measure 

should culminate in improving financial performance. The scorecard starts with long-run 

financial objectives, and then links them to the sequence of actions that must be taken with 

financial processes, customers, internal processes, and finally employees and systems to 

deliver the desired long run economic performance. Many corporations, however, use 

identical financial objectives for all of their divisions and business units. This uniform 

approach is certainly feasible, consistent, and fair since all business unit managers will 

be evaluated by the same metric, but different business units may follow quite different 

strategies. 

Idea Generation: After setting a well-defined NPS for NPD, the idea generation stage 

begins, where the search for product ideas is made to meet company objectives. The idea 

generation concerns the birth, development, and maturation of a concrete idea. After defining 

the markets and segments based on the NPS it wishes to target, the firm must advance and 

nurture ideas wherever they occur to take advantage of the identified opportunities. As per 
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the study done by Booz, Allen and Hamilton (1982), a firm has to generate at least seven 

ideas to generate one successful. Griffin (1997) says that an average of 100 ideas must be 

generated in order to yield 15.2 successes. 

The main purpose of this stage is to create a number of different ideas from which the firm 

can select the most feasible and promising one(s). A greater likelihood of achieving success 

depends in part on the number of ideas generated. Firms that are effective at idea generation 

are those that do not focus solely on the first source to generate ideas, i.e. ideas that are 

originated from inside the firm, but that concentrate on all potential idea sources (Crawford, 

1997). There is a multitude of sources as well as many different methods to generate ideas. 

The firm can derive new ideas from internal sources (i.e., employees, managers), external 

sources (i.e., customers, competitors, distributors, and suppliers), and from implementing 

formal research and development. Brainstorming, morphological, analysis and gap analysis are 

most commonly employed methods for generating ideas (Crawford, 1997). Customers can be 

an especially good place to start searching for new product ideas. The relatively high rate of 

success for product ideas originated from marketing personnel and customers (Souder, 1987). 

CSF for Idea Generation: Customer focused idea generation is a CSF for this stage as per 

studies done by many researchers that show that a thorough understanding of customer’s 

needs and wants is vital for new product success (Cooper, 1993; Crawford, 1987). Successful 

businesses and teams that drive winning new products have a dedication towards the voice of 

the customer. A strong customer involvement is necessary right from the idea generation 

stage. According to Souder’s (1987) review of causes of NPD success and failure, he 

concluded that internally generated ideas had lower success rates then externally generated 

ideas. A relatively high rate of success is achieved for project ideas that originated from 

marketing and customers as compared to ideas originating from R&D, suppliers, and 

management. 

Metrics for Idea Generation: Metrics to track idea generation and enrichment include: 

number of ideas generated from the customer, number of ideas retrieved and enhanced 

from an idea portfolio, number of ideas generated over a period of time, and the value of 

ideas in idea bank. Among all of these metrics, the number of ideas generated from the 

customer is the most associated with the CSF of the idea generation stage. Firms must devote 

more resources to customer based idea generation activities, such as focus groups with 

customers; detailed, one-on-one interviews with customers; customer site visits, especially by 

technical people; the active solicitation of ideas from customers by the sales force; and the 

development of a relationship with lead users (Cooper, 1999). 

Tools and techniques for Idea Generation: Understanding customer and market needs is a 

consistent theme for successful product development in studies by Song and Parry (1996) 

and Cooper (1999). There are many creativity and brainstorming techniques for enriching the 

idea stream. Effective methods for enriching the customer-based idea stream utilize lead user 

methodology and ethnographic approaches. 
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The lead user methodology takes a different approach as compared to traditional approaches 

in which ideas are generated based on customer input and usually collects information on 

new product needs from a random or typical set of customers. The lead user process collects 

information about both needs and solutions from the leading edges of the target market and 

from markets facing similar problems in a more extreme form. The rich body of knowledge 

collected during this process continues to be useful during the remaining steps of product 

development and marketing (Lilien et al., 2002). 

An ethnographic approach is a descriptive, qualitative market research methodology for 

studying the customer in relation to his or her environment (Cooper & Edgett, 2008). 

Researchers spend time in the field observing customers and their environment to acquire a 

deep understanding of customer’s lifestyles or cultures as a basis for better understanding 

their needs and problems. In this approach, observation, interviews and documentation are 

done for traces that people leave as they go about their everyday lives. Since it allows 

the use of multiple converging perspectives - what people say, do, and use - it will always 

reveal more and provide greater insight. This deeper level of understanding is derived from 

customer to generate customer-based ideas. 

Screening and Business Analysis: While the screening and business analysis are proposed 

as two different stages in the BAH model, we consider the two stages as one for simplicity of 

the proposed framework. In the screening stage, initial analysis is done based on the NPS, 

resources and competition, while in the business analysis stage, ideas are evaluated using 

quantitative performance criteria. After gathering enough new product ideas through various 

sources from the idea generation stage, which ideas to pursue will be selected based on the 

business value they bring. Making a good selection is critical to the future health and success 

of the business. The point is that product development costs rise substantially with each 

successive stage in the NPD process (Booz, Allen & Hamilton 1982). The ideas that have 

been classified as “Go” ideas must be screened further using criteria set up by top 

management (Cooper & de Brentani, 1984; de Brentani, 1986). These ideas must be 

described on a standard form that can be accessed by a new product committee. The 

committee then assesses each idea against a set of criteria, which verify the attractiveness and 

visibility of the idea as well as its fit with the company’s strategy, objectives and resources. 

The ultimate result from screening and evaluation is a ranking of NPD proposals, such that 

the resources can be allocated to the projects that seem most promising (Crawford, 1997; 

Wind, 1982). 

After screening, the business analysis is the detailed investigation stage that clearly defines 

the product and verifies the attractiveness of the project prior to heavy spending. According 

to Cooper’s NewProd studies of new product, it was shown that weakness in the upfront 

activities seriously compromises the project performance. Inadequate market analysis and a 

lack of market research, moving directly from an idea into a full-fledged development effort, 

and failure to spend time and money on the up-front steps, are familiar themes in product 

failures. The quality of execution of the predevelopment steps is closely tied to the product’s 
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financial performance (Cooper, 1980). 

In every successive stage of the NPD process, as estimates become more refined and 

accurate, companies should continue conducting financial evaluation throughout the NPD 

process, but at this stage it is critical. A review of a costs, potential sales and profit 

projections of the new product are undertaken in order to determine whether these factors 

satisfy the company’s objectives or not. If a result from this stage shows that the product 

meets the objectives, then the new product concept can move to the development stage. 

According to Griffin (1997) among the firms taking part in study, 75.6% developed formal 

financial objectives against which performance was measured. The final component of the 

business analysis stage is the action plan. A detailed plan of action is created for the next 

stage and tentative plans are developed for all subsequent stages. This critical stage opens 

the door to a significant commitment of resources and to a full-fledged development 

program based on financial analysis which forms the base for the CSF and its metrics 

proposed for this stage. 

CSF for Screening and Business Analysis: Up-front homework is a CSF for the screening 

and business analysis stage as too many new product projects move from the idea stage right 

into development with little or no early preparation (Rosenau et al., 1996). The results of this 

approach are usually disastrous. Up-front homework includes activities such as financial 

analysis, undertaking thorough market and competitive analyses, research on the customer 

needs and wants, concept testing, and technical and operations feasibility assessments. Solid 

pre-development work drives up new product success rates significantly and is strongly 

correlated to financial performance. All of these activities lead to solid business analysis 

prior to beginning serious development work. Firms devote on average only seven percent of 

a project’s funding and 16 percent of the person-days to these critical up-front homework 

activities, which is not enough to make a successful product according to the NewProd 

(1999) study. The conclusion is that more time and resources must be devoted to the activities 

that precede the design and development of the product. 

As per a study done by Cooper et al. (2000), the most dominant method used by 40.4% of 

businesses for performance results is a financial approach, followed by strategic approaches 

and scoring models. Using financial methods, profitability, return, payback or economic 

value of the project are determined and projects are judged and rank-ordered on these 

criterion. 

Metrics for Screening and Business Analysis: Financial or economic models treat project 

evaluation much like a conventional investment decision. The expected commercial value 

(ECV), net present value (NPV), internal rate of return (IRR), and the profitability index (PI), 

are metrics that are proposed as being most useful for measuring the success of the screening 

and business analysis stage. These metrics should be used to rate, rank order, and 

ultimately select projects. All metrics have their own advantages and disadvantages. For 

example, the NPV method ignores probabilities and risk; it assumes that financial projections 

are accurate and financial goals are important. The ECV depends on extensive financial and 
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other quantitative data. These metrics together give clearer details about the project’s 

financial performance to help select the best project from the group. 

Tools and techniques for Screening and Business Analysis: The financial methods of 

evaluation for the proposed metrics and how they measure the financial performance of each 

project are explained below. 

The Expected Commercial Value (ECV) method seeks to maximize the value or commercial 

worth of the project, subject to certain budget constraints, and introduces the notion of risks 

and probabilities. The ECV method determines the value or commercial worth of each project 

to the corporation. The calculation of the ECV is based on a decision tree analysis and 

considers the future stream of earnings from the project, the probabilities of both commercial 

success and technical success, and both commercialization costs and development costs. 

Therefore, the ECV measures the value of the project in terms of its expected financial 

returns from the perspective of the company’s overall commercial strategic objectives. In 

order to arrive at a prioritized list of projects, the ECV of each project is determined projects 

are rank ordered accordingly. 

The net present value (NPV) criterion for evaluating proposed capital investments involves 

summing the present values of cash outflows required to support an investment with the 

present value of the cash inflows resulting from operations of the project. The inflows and 

outflows are discounted to present value using the firm’s required rate of return for the 

project. If the NPV is positive, it means the project is expected to yield a return in excess of 

the required rate; if the NPV is zero, the yield is expected to exactly equal the required rate; if 

the NPV is negative, the yield is expected to be less than the required rate. Hence, only those 

projects that have a positive or zero NPV meet the criterion for acceptance. 

The internal rate of return (IRR) is that rate which exactly equates the present value of 

the expected after-tax cash inflows with the present value of the after-tax cash outflows. Once 

the IRR of a project has been determined, it is a simple matter to compare it with the 

required rate of return to decide whether or not the project is acceptable. If the IRR equals 

or exceeds the required rate, the proje acceptable. Ranking the projects is also a simple 

matter. Projects are ranked according to the IRRs: the project with the highest IRR is ranked 

first and so on. 

The profitability index (PI) is the ratio of the present value of the after-tax cash inflows to the 

outflows. A ratio of one or greater indicates that the project in question has an expected yield 

equal to or greater than the discount rate. The profitability index is a measure of a project’s 

profitability per dollar of investment. As a result, it is used to rank projects of varying costs 

and expected economic lives in order of their profitability. Projects are rank-ordered 

according to this productivity index in order to arrive at the preferred portfolio, with projects 

at the bottom of the list placed on hold. In order to ensure that project ideas are carefully 

screened, and that the business analysis is carefully carried out, these metrics are certain to 

help select projects so as to maximize the sum of the values of all active projects in the firm’s 
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pipeline in terms of business objectives. 

Development: Once the results of the business case of the new product conform to company 

objectives, the new product team can move on to the development stage, which is made up of 

activities that range from prototype development to volume ramp up and test marketing. The 

interaction between the program and project manager is no longer one of selling or buying 

the concept, but rather one of bringing the product to market on time, within budget, and to 

the required specifications. 

On average, one third of total NPD expenditures are committed during this stage with 40 

percent of total NPD time (Cooper, 1999). In the development stage, business case plans are 

translated into concrete deliverables. What is critical for success at this stage to move through 

development to launch as quickly as possible and to ensure that the product prototype or final 

design does indeed meet customer requirements, which requires seeking customer input and 

feedback throughout the entire development stage. It is important to gain competitive 

advantage and to enjoy the product’s revenues as soon as possible and it also minimizes the 

impact of a changing environment. Thus, as the product proceeds from one step of the 

development stage to the next, the new product team should reassess the market, position, 

product, and technology in order to increase chances of delivering a successful product 

(Cooper, 1993; Urban & Hauser, 1993). Marketing and R&D functions in particular should 

collaborate because, while marketing can express the needs of customers, R&D has the 

capacity to turn a product concept into an actual physical entity. Therefore, they should work 

together to ensure the product meets customer requirements. Cross-functional teams are 

widely used in companies to help in identifying and solving problems efficiently by 

coordination of resources and ideas. Customer input and feedback is a critical activity 

throughout development, both to ensure that the product is right and to speed development 

toward a correctly defined target. 

CSFs for Development: Development of new products often takes years, and much that is 

unexpected can occur during this time frame. The market may change partway through 

development, making the original estimates of market size and product acceptance invalid. 

Customer requirements may shift, rendering the original set of product specifications 

obsolete. Competitors may introduce similar products in the meantime, creating a less 

receptive market environment. These and other external changes mean the original product 

definition and justification are no longer valid. 

Reducing development time is a vital competitive weapon and yields competitive advantage; 

it means that there is less likelihood that the market or competitive situation has changed by 

time the product reaches the market and it means a quicker realization of profits Cooper 

(1993, 1999, 2001). Companies that develop products quickly gain many advantages over 

their competitors: premium prices, valuable market information, leadership reputation with 

consumers, lower development costs, and accelerated learning (Cooper, 2001). Therefore, the 

goal of reducing the development time is critical. Most importantly, fast development 

minimizes the impact of a changing environment. If the development time can be reduced 
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from eighteen months to nine, the odds of things changing are similarly greatly reduced that 

makes the need to reduce the time during the development stage. Most firms have reduced 

product development times over the past five years with the average reduction being about 

the one-third. In short, the challenge here is to shorten development time so as to minimize 

the chances that the development target has changed. 

Seeking customer feedback is a vital activity throughout the development stage, both to 

ensure that the product design is right and also to speed development toward a correctly 

defined target. The original voice-of-customer research that was done prior to development 

may not be enough to resolve all the design problems during development (Cooper, 1999). 

Customer feedback is perhaps the most certain way of seeking continual and honest 

customer input during the development phase. Seeking customer input should become an 

integral part of the design team to speed up and make the development stage successful. 

Metrics for Development: Development time is defined as the duration from the start to 

completion of the development stage, i.e., the length of time to develop a new product after 

passing business case stage to initial market sales. Precise definitions of the start and end 

point vary from one company to another and may also vary from one project to another 

within the company. How quickly the team moves through this stage is critical for the reasons 

stated earlier, and as such, it is imperative that the team measures their progress according to 

time. 

A cross-functional team is defined as a team consisting of representatives from the various 

functions involved in product development, usually including members from marketing, 

R&D, and operations (and perhaps others, such as purchasing, as needed). The most effective 

development teams also involve suppliers in the early stages of development, and frequently 

rely on suppliers for a large portion of the subsystem design (Clark & Fujimoto, 1988). 

Cross-functional teams have replaced a more functional approach in which each team 

relinquishes project responsibility to a down-stream function (e.g. the engineering team 

hands-off to the manufacturing team). This paradigm requires frequent communication 

between functions represented on the team and co-location greatly facilitates this process. 

Cross- functional teams are essential for timely development, improving design quality, and 

lowering development costs. Cross-functional integration that really matters occurs when 

individual design engineers work together with individual marketers or process engineers to 

solve joint problems in development. True cross-functional integration occurs at the working 

level. It rests on the foundation of tight linkages in time and in communication between 

individuals and groups working closely related problems. How these groups work together 

determines the extent and effectiveness of integration in the design and development of the 

product (Wheelwright & Clark, 1992). 

Related to the above is the degree to which team members are committed, or dedicated, to the 

project. Since project team members' time commitments are typically spread across a number 

of projects at any one time because departmental managers are vying for team members' time, 

team members are often on and off development projects. This creates a discontinuity and 
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increases development time. It is in this stage that it is crucial to have a team with dedicated 

team members. A dedicated, accountable team leader- that is, not doing too many other 

projects or other assignments at the same time, and held accountable for the result. Parallel 

processing involves activities that are undertaken concurrently (rather than sequentially), thus 

more activities are undertaken in an elapsed period of time. The purpose is to achieve product 

designs that reflect customer wants as well as manufacturing capabilities and to do so in the 

shortest possible time. However, due to the need for prerequisite information, not all 

activities or phases in the NPD process can be overlapped with minimal risk. Therefore, the 

degree of parallelism must be measured to ensure minimal downstream risk. 

The degree of design effort on real customer needs is a qualitative in-process metric which 

ensures as much as possible that the final design meets customer requirements. This requires 

seeking customer input and feedback throughout the entire development stage and thus the 

customer becomes an integral part of the design team to overcome technical problems that 

arise and that necessitate product design changes during the development stage. Customer 

needs and wants assessment must be a vital and ongoing activity throughout development, 

both to ensure that the product is designed right and also to speed development toward a 

correctly defined target. 

Tools and techniques for Development:  

The literature review has shown that there exist a number of tools and techniques to reduce 

development times that are consistent with sound management practice. 

Dynamic time to market is a tool which can be useful in predicting the end date of the said 

project as well as in tracking the progress of a project. It works in the following way: when a 

schedule prediction is made, the prediction date is plotted against the date the prediction was 

made. By assessing dynamic time to market, the team members will get an early warning of 

potential late delivery and appropriate action can usually be taken by the team to maintain 

schedule integrity. Thus projects are kept on schedule to achieve timely product development. 

The degree of team cohesiveness gauges the growth of the team as a working group and 

it is a function of length of time that a team has worked together in a past or present project 

(Balakrishnan, 1998). It is the extent to which team members are attracted to the team and 

motivated to remain in it. 

Overlapping means doing various activities in parallel rather than doing them sequentially. 

By overlapping activities, the cycle time, i.e. the total time taken to complete the product 

development from concept until the product reaches market, can be greatly reduced. 

Overlapping activities saves time due to 1) parallel processing of activities, 2) better and 

more timely identification of design problems, and 3) improved communication earlier and 

throughout the team. This metric serves as an indicator of the degree of concurrency in the 

process. In general, the higher the number of overlapped activities, the higher the degree of 

concurrency and the shorter is the development time. A lower number of overlapped 

activities indicates a lower degree of concurrency in the process and may also indicate 
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opportunities for improving the process to achieve objectives. 

Testing: The purpose of this stage is to provide final and total validation of the entire 

project: the commercial viability of the product, its production, and its marketing (Cooper & 

Kleinshmidt, 1987). Design and testing go hand in hand, with testing being conducted 

throughout the development stage. Information obtained during testing is used in developing 

the product. This phase is extremely important in that it may dramatically decrease the 

chances of failure in launch, since it has the capacity of revealing flaws that could cause 

market failure (Urban & Hauser, 1993). Studies by Cooper (1998, 1999) show that a test 

phase that is customer oriented is the critical factor - whether it is done and how well it is 

executed - is significantly correlated with the new product success. Different types of testing, 

i.e. concept testing, prototype/development testing, and test marketing, should be conducted 

in this stage Cooper (1993, 1998, 2001). It should be noted, however, that testing should not 

be solely restricted to this stage; it must be conducted throughout the NPD process (Ulrich & 

Eppinger, 2011). 

CSF for Testing: Product functionality is critical for the testing stage as the aim here is to 

see whether a product with the attributes called for has been produced. It must be proven that 

claimed attributes exist and the causes for missing attributes must be found. 

Customer acceptance is critical for this stage to gauge whether the product is acceptable to 

the customer, to measure the customer’s level of interest, liking, preferences, and intent to 

purchase, and to determine those benefits, attributes, and features of the product to which the 

customer responds. Not only must the product work right in the lab or development 

department, but, more importantly, it must also work right when the customer uses it. The 

product must excite and, indeed, delight the customer; who must find it not only acceptable 

but actually like it better than what he or she is currently buying. In short, the customer 

reaction must be sufficiently positive so as to establish purchase intent. 

Metrics for Testing: The performance of a product is how well the product achieves the 

functionality desired. Product performance is usually measured in such ways as testing 

physical features, perceptual features, functional modes, and perceived benefits. Feature is 

those aspects of an offering that create the benefits; they are typically a focal point of NPD. 

Perceived benefits are the best point in the needs continuum on which to focus conversations 

with customers because they represent customer-oriented perceptions but are still close 

enough to supplier-oriented features to permit that linkage to be made by the product 

developer. Validation and user testing techniques are used to gather data on product 

performance. These primary research techniques generate quantitative results. At this stage 

in the NPD process, these are the types of research results necessary to make final critical 

decisions and reduce the risk of possible failed launches. 

Customer-perceived value is measured to determine whether the customer is willing to 

purchase the tested product or not and to gauge whether the product is acceptable to the 

customer. Important metrics for this stage are: perceived relative performance, customer 
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satisfaction (Like/Dislike), and the preference score to determine the nature of the competitive 

situation. These are qualitative metrics, but are very important nonetheless to record the 

basic likes/dislikes of the customer early before the product gets launched into the market. 

Based on the qualitative data, managers can take action to make changes in the product. 

Tools and techniques for Testing: Validation testing is of a product model that closely 

resembles the final product that will be manufactured and sold, and is often called system 

testing and usually takes place in-house. The purpose of the testing process is to ensure that 

all product performance requirements and design specifications have been met. The 

validation test is normally conducted late in the development process to ensure that all of the 

product design goals have been met. This includes usability, performance, and robustness. 

Validation tests normally aim to evaluate actual functionality and performance, as is expected 

in the production version and so activities should be performed in full. It is probable that the 

validation test is the first opportunity to evaluate all of the component elements of the product 

together, although elements may have been tested individually already. Thus, the product 

should be as near to representing the final item as possible, including packaging, 

documentation and production processes. Also included within validation tests will be any 

formal evaluation required for certification, safety or legislative purposes. 

Data from a validation test is likely to be quantitative, based on measurement of performance. 

Normally, this is carried out against some benchmark of expected performance or criteria set 

before. Usability issues may be scored in terms of speed, accuracy or rate of use, but should 

always be quantified. Issues such as desirability may be measured in terms of preference or 

user ranking. Data should also be formally recorded, with any failures to comply with 

expected performance logged and appropriate corrective action determined. 

User and field testing is performed by real users or customers, and in some cases, this testing 

must precede product shipment. This is not to be confused with marketing customer testing, 

where certain strategies regarding sale and marketing of the product are explored. The 

purpose of testing is to understand how the product performs in the end-user environment. 

Customer based testing is indeed complex, and there is no way it can be simulated in 

laboratories, where use is isolated from users’ mistakes, competitive trashing of the concept, 

and objections by those in the user firm or family whose work or life is disrupted by the 

change. Products that are entirely new to the market should receive beta testing because there 

is no base of data on which to judge customer acceptance. 

Test protocols are produced by the company and can range from rigorous to nonexistent. In 

the first case, the developer closely monitors and follows up the beta test with in-house staff 

or contracted staff from a specialty testing company. In the second case the developer may 

simply contact the customer by phone or have an group or individual contact to ask for 

opinions on the product. The test results attempt to confirm that the user feels the same 

toward the prototype as toward the verbal concept discussed earlier in the NPD stage. The 

results of the testing either confirm that the product meets its requirement or show the 

areas where the product is deficient and is therefore a critical stage to be considered in the 
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development process. 

Framework of CSFs, metrics and tools and techniques for NPD: The CSFs, metrics, tools 

and techniques proposed for successful NPD discussed in the previous sections are all 

summarized in the framework proposed in Table 1. 

Stage Critical Success 

Factor 

Metrics Tools and Technique 

New Product 

Strategy 
Clear Strategy Return on Investment Financial Analysis 

 

Well 

Communicated 

Strategy 

Degree of 

Communication 

Balanced scorecard as a 

Communication Tool 

Idea Generation 
Customer Focused 

Idea Generation 

Number of Customer 

Focused Ideas Generated 
Lead User Methodology 

   Ethnographic Approach 

Screening and 

Business Case 

Up-Front 

Homework 

Expected Commercial 

Value (ECV) 

Financial Method of 

evaluation 

  Net Present Value (NPV)  

  
Internal Rate of Return 

(IRR) 
 

  Productivity Index (PI)  

Development Speed Development time Team Cohesiveness 

 Customer feedback 
Degree of functional 

integration 
Dynamic Time to Market 

  
Degree of team 

commitment 
Degree of Parallelism 

  Concurrency of activities  

  
Degree of design effort on 

real customer priorities 
 

Testing 
Product 

Functionality 
Product Performance Validation Testing 

 
Customer 

Acceptance 

Customer-Perceived 

Value 
User and Field Testing 

Table 1. Critical Success Factors and Metrics for Stages of NPD Process 

For each stage of the NPD process, the factors that are essential for success for each 

stage, metrics which can be used to measure the performance of those factors, and tools and 

techniques to implement the metrics are all detailed in the framework. As a preliminary 

proposed framework, we believe that any complex NPD project that follows this framework 

will have an increased chance at success. 

CONCLUSIONS 

New product success still remains the critical challenge for companies. Many companies are 

aware of the major role new products must play in their future and quest for prosperity: 

companies are constantly searching for ways to revitalize, restructure and redesign their NPD 

practices and processes for better results. 



INTEGRATED SOLUTION: SEM 2023  ISBN: 978-81-961781-0-9 

395 

This framework proposes that to achieve success, NPD firms should have a clear and well 

communicated new product strategy. These firms should have well defined new product 

arenas along with long term trust, with clear goals. Successful businesses and teams of NPD 

have a dedication towards the voice of the customer. It is critical that firm should gather as 

many ideas as possible and a large number of these should come from customers so that the 

firm can be in a position to design and develop winning new products. Up-front homework 

prior to the initiation of product design and development is found to be a key factor in a 

firm’s success. The quality of execution of the predevelopment steps - initial screening, 

preliminary market and technical studies and business analysis - is closely tied to the products 

financial performance. Firms should try to shorten the development time so as to minimize 

the chances that the development and customer needs have changed when the product comes 

into the market. It is important to verify and validate product performance requirements and 

design specifications along with customer’s acceptance before launching the product into the 

market via validation and user field testing. 

This paper explored and analyzed the NPD process and attempted to identify ways in which 

firms can improve their performance when developing new products, mainly through the 

study of factors that are critical to success. These factors were identified through an extensive 

study of the practices and performance of successful firms presented in the NPD literature. 

The CSFs which have been described in the literature are generally defined for the overall 

development process, rather than specifically addressing each stage. To overcome this 

problem, this paper sought out CSFs for each stage of the process. Presumably, no other 

study to date has developed such a framework, which can be crucial for NPD success. 

Several different research directions could provide additional useful information both to 

firms finding CSF and measuring product development success as well as to academics 

performing research in this area. The first research opportunity exists in implementing or 

testing the proposed framework. This would be useful to do over the longer term both among 

the community of NPD companies and through academic research to determine the impact of 

this research on both practice and research. 
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ABSTRACT: The primary necessity at the moment is to maintain our natural environment's safety as 

well as the loyalty of our clients and consumers in the modern era of globalisation. The term 

"environmental pollution" is frequently used in the business world nowadays. The effects of 

environmental pollution and global warming are other topics that consumers are aware of. Green 

marketing is a phenomenon that has grown particularly significant in the modern marketplace. It has 

become a key idea in India as well as other developing and industrialised nations, and it is viewed as a 

crucial tactic for promoting sustainable development. The concept, necessity, and importance of green 

marketing have received the most attention in this research work. 

Keywords Green Marketing, Recycle, Sustainable, Eco friendly. 

INTRODUCTION 

According to the American Marketing Association, green marketing is the marketing of 

products that are presumed to be environmentally safe. Thus green marketing incorporates a 

broad range of activities, including product modification, changes to the production process, 

packaging changes, as well as modifying advertising. Yet defining green marketing is not a 

simple task where several meanings intersect and contradict each other; an example of this will 

be the existence of varying social, environmental and retail definitions attached to this term. 

Other similar terms used are Environmental Marketing and Ecological Marketing. Thus 

"Green Marketing" refers to holistic marketing concept wherein the production, marketing 

consumption an disposal of products and services happen in a manner that is less detrimental 

to the environment with growing awareness 

about the implications of global warming, non-biodegradable solid waste, harmful impact of 

pollutants etc., both marketers and consumers are becoming increasingly sensitive to the need 

for switch in to green products and services. While the shift to "green" may appear to be 

expensive in the short term, it will definitely prove to be indispensable and advantageous, cost-

wise too, in the long run. 

Pride and Ferrell (1993) Green marketing, also alternatively known as environmental 

marketing and sustainable marketing, refers to an organization's efforts at designing, 

promoting, pricing and distributing products that will not harm the environment 

Polonsky (1994) defines green marketing as .all activities designed to generate and facilitate 

any exchanges intended to satisfy human needs or wants, such that the satisfaction of these 

needs and wants occurs, with minimal detrimental impact on the natural environment. 

Elkington (1994: 93) defines green consumer as one who avoids products that are likely to 

endanger the health of the consumer or others; cause significant damage to the environment 

mailto:harishprasadsati123@gmail.com
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during manufacture, use or disposal; consume a disproportionate amount of energy; cause 

unnecessary waste; use materials derived from threatened species or environments; involve 

unnecessary use of, or cruelty to animals; adversely affect other countries. 

OBJECTIVES OF THE STUDY 

• To discuss the need for Green marketing in India from different perspectives. 

• To understand the strategy needed for successful Green marketing. 

• To study the present scenario and potential of Green marketing in India 

• To study the challenges faced by Green marketers in India. 

LITERATURE  REVIEW 

Green marketing has been an important academic research topic since it came. 

(Coddinton.1993; Fuller;1999; Ottman,1994). Attention was drawn to the subject in the late 

1970‘s when the American Marketing Association organized the first ever workshop 

on  

• Ecological marketing in 1975 which resulted in the first book on the subject entitled. 

•  Ecological Marketing by Henion and Kinnear in 1976, Peattie and Crane (2005).   

claims that despite the early development, it was only in the late 1980‘s that the idea of Green 

Marketing actually made an appearance because of the consumers growing interest in green 

products. Green marketing was given prominence in the late 1980s and 1990s after the 

proceedings of the first workshop on Ecological marketing held in Austin, Texas (US), in 

1975. Several books on green marketing began to be published thereafter. The green 

marketing has evolved over a period of time. According to Peattie (2001), the evolution of 

green marketing has three phases. First phase was termed as Ecological" green marketing, 

and during this period all marketing activities were concerned to help environment problems 

and provide remedies for environmental problems. Second phase was "Environmental" green 

marketing and the focus shifted on clean technology that involved designing of innovative 

new products, which take care of pollution and waste issues. Third phase was "Sustainable" 

green marketing. It came into prominence in the late 1990s and early 2000. During 1990s, the 

concern for environment increased and resulted in to increasing challenges for the companies 

(Johri and Sahasakmontri, 1998). Dutta, B. (2009, January) in his article on Green Marketing 

titled Sustainable Green Marketing The New Imperative published in Marketing Mastermind 

states that Green Marketing involves developing good quality products which can meet 

consumer needs and wants by focusing on the quality, performance, pricing and 

convenience in an environment-friendly way. Barkar is of the view that, Companies need 

to believe first that Green Marketing „can work‟ and make diligent effort to make necessary 

product improvements, which deliver performance, and are marketable and profitable. Unruh, 

G. And Ettenson, R. (2010) in their research article titled, Growing Green: Three smart paths 

to developing sustainable products. Published in Harvard Business Review, is for executives 
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who believe that developing green products make sense for their organization and need to 

determine the best path forward. The authors have introduced and described three broad 

strategies that companies can use to align their green goals with their capabilities: 

Elkington (1994: 93) defines green consumer as one who avoids products that are likely to 

endanger the health of the consumer or others; cause significant damage to the environment 

during manufacture, use or disposal; consume a disproportionate amount of energy; cause 

unnecessary waste; use materials derived from threatened species or environments; involve 

unnecessary use of, or cruelty to animals; adversely affect other countries. 

• Accentuate: Strategy involves playing up existing or latent green attributes in your 

current portfolio. 

• Acquire: Strategy involves buying someone else‘s green brand. 

• Architect: Strategy involves architecting green offerings – building them from scratch. 

Green marketing mainly focuses on four issues. These issues are: first, importance of green 

marketing; second, impact of green marketing on firms‟ competitiveness and performance; 

third, improving effectiveness of green marketing. In India green Marketing is a relatively 

new topic introduced by few multinational companies operating in India like Philips India 

limited. 

WHY GREEN MARKETING? 

In the present scenario, challenge is to keep the customers as well as consumers in fold and 

even keep our natural environment safe – which is the biggest need of the time. Companies 

may loose many loyal and profitable customers and consumers due to absence of green 

management. In today‘s innovative business world of high technology due to growing 

community and consumer interests in green and socially responsible products, increased 

community pressure on companies to internalize externalities, such as health issues, 

neighborhood amenity, climate change; environmental and governmental legalizations and 

initiatives; innovative technologies and approaches of dealing with pollution, improved 

resource and energy efficiency, and to retain old (loyal and profitable) customers and 

consumers, it is very much urgent to implement green marketing. Further green 

management produces new environment friendly customers which lead to increase in sales 

and profits of an organization that leads to growth and development of business; it also 

leads to good public image of the organization. In the present times when the government 

regulations around the globe are very strict and the whole world is talking about global 

warming ,climate change and environment protection the companies would be left with no 

option but to adopt green marketing otherwise it might be too late to survive in the 

greener world. The consumer‘s world over in general and India in particular are increasingly 

buying energy efficient products. In a nutshell most of the companies are venturing into green 

marketing because of the following reasons: 

In India, around 25% of the consumers prefer environmental-friendly products, and around 
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28% may be considered healthy conscious. Therefore, green marketers have diverse and fairly 

sizeable segments to cater to. 

• Many companies have started realizing that they must behave in an environment-friendly 

fashion and believe both in achieving environmental objectives as well as profit related 

objectives. 

• Various regulations recently framed by the government to protect consumers and the 

society at large led to the adoption of Green marketing as a compulsion rather than a 

choice. For example, the ban of plastic bags in many parts of the country, and prohibition 

of smoking in public areas, etc. 

• Many companies take up green marketing to maintain their competitive edge. 

GREEN MARKETING FOR SUCCESS IN MARKET 

To be successful green marketing companies there are a few fundamental rules that will go a 

long way in shaping the future of the business in the coming years. The fundamental 

strategy is to use the Four P's suitably modified to meet the needs of Green Marketing, but 

there are a few points that need to be stressed before embarking on Strategy. They are: 

Knowing Customer: Means making sure that the consumer is aware of and concerned about 

the issues that your product attempts to address, without which success in green marketing 

will be difficult to achieve. 

Educating customer: Means educating the people about the reasons as to whatever you're 

doing is not only to protect the environment, but also matters of letting them know why it 

matters. Otherwise, for a significant portion of your target market, it's a case of "So what?", 

―Does it matter to me? and your green marketing campaign goes nowhere. 

Genuineness & Transparency to the customer: It shows that a) In reality you are actually 

practicing, what you claim to be doing in your green marketing campaign and b) your 

business policies are in lieu with whatever you are doing that's ecofriendly. Both these 

conditions have to be met for your business to establish the kind of environmental credentials 

that will allow a green marketing campaign to succeed. 

1. Reassuring the Buyer: Means that the customers must be made to believe that the product 

being offered shall fulfill the objective or purpose for which it has been purchase i.e.-no 

compromise in product quality in the name of the environment. 

2. Pricing for the customer: Means making sure that consumers can afford the premium and 

feel it's worth it, which is being charged for your product, as many environmentally 

preferable products cost more due to economies of scale and use of higher-quality 

ingredients. 

3. Giving the customers an opportunity to participate: Means personalizing the benefits of 

your environmentally friendly actions, normally through letting the customer take part in 

positive environmental action, at same time keep in view the changed expectations of the 
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customers. 

The Four Ps of Green Marketing: Like conventional marketers, green marketers must 

address the Four Ps ‘in new perspective in view of changed scenario. 

Product: Marketers wanting to exploit emerging green market either identify customers 

environmental needs and develop products to address these needs; or develop 

environmentally responsible products to have less impact than competitors. The increasingly 

wide variety of products on the market that support sustainable development and are good 

for the triple bottom line include: 

• Products made from recycled goods. 

• Products that can be recycled or reused. 

• Efficient products, which save water, energy or gasoline, save money and reduce 

Environmental impact. Products with environmentally responsible packaging. Products 

with green labels, as long as they offer substantiation. 

• Organic products — many consumers are prepared to pay a premium for organic 

products, which offer promise of quality. A service that rents or loans products – such as 

toy libraries. Certified products, which meet or exceed environmentally responsible 

criteria. 

Price 

• Pricing is a critical element of the marketing mix. Most customers are prepared to pay a 

premium if there is a perception of additional product value. 

• This value may be improved performance, function, design, visual appeal or taste. 

Environmental benefits are usually an added bonus but will often be the deciding factor 

between products of equal value and quality. 

• Environmentally responsible products, however, are often less expensive when product 

life cycle costs are taken into consideration. 

Place 

• The choice of where and when to make a product available has a significant impact on the 

customers being attracted. 

• Very few customers go out of their way to buy green products merely for the sake of it. 

Marketers looking to successfully introduce new green products should, in most cases, 

position them broadly in the market place so they are not just appealing to a small green 

niche market. 

• The location must also be consistent with the image which a company wants to project. 

The location must differentiate a company from its competitors. This can be achieved by 

in-store promotions and visually appealing displays or using recycled materials to 

emphasize the environmental and other benefits. 
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Promotion 

• Promoting products and services to target markets includes paid advertising, public 

relations, sales promotions, direct marketing and on-site promotions. 

• Smart green marketers will be able to reinforce environmental credibility by using 

sustainable marketing and communications tools and practices. For example, many 

companies in the financial industry are providing electronic statements by email, e- 

marketing is rapidly replacing more traditional marketing methods, and printed materials 

can be produced using recycled materials and efficient processes, such as waterless 

printing. 

• Retailers, for example, are recognizing the value of alliances with other companies, 

environmental groups and research organizations when promoting their environmental 

commitment. To reduce the use of plastic bags and promote their green commitment, 

some retailers sell shopping bags, under the banner of the Go Green Environment Fund. 

• The key to successful green marketing is credibility. Never overstate environmental 

claims or establish unrealistic expectations and communicate simply and through sources 

that people trust. 

• Promote your green credentials and achievements. Publicize stories of the company’s and 

employees green initiatives. Enter environmental awards programs to profile. 

• Environmental credentials to customers and stakeholders. 

PRESENT TRENDS IN GREEN MARKETING IN INDIA 

Organizations are Perceive Environmental marketing as an Opportunity to achieve its 

objectives. Firms have realized that consumers prefer products that do not harm the natural 

environment as also the human health. Firms marketing such green products are preferred 

over the others not doing so and thus develop a competitive advantage, simultaneously 

meeting their business objectives. 

Organizations believe they have a moral obligation to be more socially responsible. This is in 

keeping with the philosophy of CSR which has been successfully adopted by many business 

houses to improve their corporate image. Firms in this situation can take two approaches: 

• Use the fact that they are environmentally responsible as a marketing tool. 

• Become responsible without prompting this fact. 

Governmental Bodies are forcing Firms to Become More Responsible. In most cases the 

government forces the firm to adopt policy which protects the interests of the consumers. It 

does so in following ways: 

• Reduce production of harmful goods or by products 

• Modify consumer and industry's use and /or consumption of harmful goods; or 



INTEGRATED SOLUTION: SEM 2023  ISBN: 978-81-961781-0-9 

403 

• Ensure that all types of consumers have the ability to evaluate the environmental 

composition of goods. 

Competitors' Environmental Activities Pressure Firms to change their Environmental 

Marketing Activities. In order to get even with competitors claim to being environmentally 

friendly, firms change over to green marketing. Result is green marketing percolates entire 

industry. 

Cost Factors Associated With Waste Disposal or Reductions in Material Usage Forces Firms 

to Modify their Behavior. With cost cutting becoming part of the strategy of the firms it 

adopts green marketing in relation to these activities. It may pursue these as follows: 

• A Firm develops a technology for reducing waste and sells it to other firms. 

• Encourage consumer evangelism via consumers social and internet communication 

network with compelling, interesting and entertaining information about environmental 

products. 

GREEN MARKETING- CHALLENGES 

Although a large number of firms are practicing green marketing, it is not an easy job as 

there are a number of problems which need to be addressed while Implementing Green 

marketing. 

The major challenges to Green marketing which have to be faced are: 

• New Concept: Indian literate and urban consumer is getting more aware about the merits 

of Green products. But it is still a new concept for the masses. The consumer needs to be 

educated and made aware of the environmental threats. The new green movements need 

to reach the masses and that will take a lot of time and effort. 

• Cost Factor: Green marketing involves marketing of green products/services, green 

technology, green power/energy for which a lot of money has to be spent on R&D 

programmes for their development and subsequent promotional programs which 

ultimately may lead to increased costs. 

• Convincing customers: The customers may not believe in the firm’s strategy of Green 

marketing, the firm therefore should ensure that they undertake all possible measures to 

convince the customer about their green product, the best possible option is by 

implementing   Eco-labeling   schemes.   Eco-labeling   schemes   offer   its   ―approval‖   to 

-environmentally less harmless‖ products. In fact the first eco-label program was initiated 

by Germany in 1978. Sometimes the customers may also not be willing to pay the extra 

price for the products. 

• Sustainability: Initially the profits are very low since renewable and recyclable products 

and green technologies are more expensive. Green marketing will be successful only in 

long run.  

Hence the business needs to plan for long term rather than short term strategy and prepare for 
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the same, at the same time it should avoid falling into lure of unethical practices to make 

profits in short term. Non-Cooperation- The firms practicing Green marketing have to strive 

hard in convincing the stakeholders and many a times it may fail to convince them about the 

long term benefits of Green marketing as compared to short term expenses. Avoiding Green 

Myopia- Green marketing must satisfy two objectives: improved environmental quality and 

customer satisfaction. Misjudging either or overemphasizing the former at the expense of the 

latter can be termed ―green marketing myopia. In short firms using green marketing must 

ensure that their activities are not misleading to the consumers or the industry, and do not 

breach any of the regulations or laws dealing with environmental marketing. The green 

marketing claims of a firm must do the following in order to overcome the challenges: 

• Clearly state environmental benefits. 

• Explain environmental characteristics. 

• Explain how benefits are achieved. 

• Ensure comparative differences are justified. 

• Ensure negative factors are taken into consideration. 

• Only use meaningful terms and pictures. 

CONCLUSION 

Green marketing will not be an easy concept. The company needs to plan and then research 

to find out how feasible this is. Green marketing needs to evolve as it is still in its infancy. It 

may not be easy to do eco-friendly marketing in the short term, but it will definitely make a 

positive difference to your business in the long run. Green marketing is still in its infancy in 

Indian companies. The Indian market offers many opportunities. Customers are also willing 

to pay a higher price for environmentally friendly products. This shift in consumer behavior 

is forcing companies to consider the negative impact of their activities on the global natural 

environment. The rapid increase in environmental concerns over the past two decades is 

forcing companies to make changes to ensure society's sustainability.  Green marketing 

should not be seen as just another marketing approach but should be pursued more vigorously 

as it has social and environmental dimensions. Retailers also have a duty to raise awareness 

among stakeholders about the need and benefits of organic products. Companies are now 

realizing that they cannot survive in today's competitive age without considering the 

environment as a central part of their strategy. Indian FMCG companies also rely on "Green" 

to protect their image in the market. Companies engage in various activities to express their 

concern for the environment and society. At the same time, however, companies must 

understand that green marketing must not neglect the economic aspect of marketing. Green 

marketing helps achieve effective results cost reduction, employee satisfaction, waste 

minimization, common good for economy and society. All that is required is the 

determination and commitment of all of the company's stakeholders. Marketers also have a 

responsibility to educate consumers about the need for, and benefits of, organic versus non-
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organic products, and what benefits they may derive from them in the future. Eco-friendly 

retailers can count on the government's full support and consumers will not hesitate to pay 

more for a cleaner and more environmentally friendly environment. Finally, consumers, 

industrial buyers and suppliers need to promote the positive environmental impact of green 

marketing. Green marketing is gaining more and more importance in developing countries of 

the world like India, which is supposed to be seen as a pioneer and trendsetter for everyone 

else. 
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ABSTRACT: The theoretical literature on the topic of organizational commitment and compensation 

in telecommunication sector has been briefly reviewed in this research article. Any organization's 

development depends significantly on its human resources and organizational commitment. According 

to the information derived from the previous papers in the context of Human Resource Management 

(HRM). Specifically, this paper examines theoretical insights to explain organizational commitment in 

the Indian telecommunications sector. According to the research, organizations are required to be 

attentive towards the culture prevailing in the organization. This paper has examined various 

dimensions of organization's commitment which is influenced by pay in Indian telecom sector. A road 

map for future researchers has also been provided in this study. 

INTRODUCTION 

A company's commitment to its workforce is more important today than it was in the past. In 

order to increase market share and retain customers, organizations focus on continuous 

improvement to sustain competitive advantage. It is necessary to have a better workforce in 

order to retain better customers. Employee retention can also be predicted using the concept 

of organizational commitment. Maintaining competitive advantage in terms of manpower has 

also become a top priority for managers in many organizations. Employers desire employee 

contributions to help them to focus new markets and set their goods and services apart from 

those of their rivals. However, employees frequently experience job uncertainty and a lack of 

confidence, which makes them less devoted to the company. Employees are more likely to be 

kept by organizations if they receive competitive pay and stronger incentive programmes. 

CONCEPT OF ORGANIZATIONAL COMMITMENT 

The strength of an employee for performing the task in an organization and to the extent an 

employee gets involved with the organization is termed as Organizational Commitment (OC). 

OC relates to how much an employee engages him or her in order to accomplish the goals 

need to be achieved by the organization. Additionally, it refers to the identification of quality 

employees as human capital in an organization. The categorization through the previous 

literature as in affective, continuance and normative commitment plays a crucial role in order 

to maintain the loyal workforce within the organization. An intention to stay with the 

company is referred to as a continuance commitment. In some cases, honors and recognition 

encourage employees to stay with the company because quitting could be detrimental. The 

third commitment is normative, which expresses a duty or sense of loyalty among employees 

to continue being a part of a company, John (2011) stated in his study that trustworthiness, 

image and relationship are the main factors which influence the loyalty of the employees at 
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workplace. From the factor analysis, it was found that trustworthiness was the key factor that 

motivated the employees to remain loyal to their organization. According to Loan et al., 

(2020) job performance and organizational commitment have positive relationship. OC 

enhances the attitude of employees at workplace (Ahad et al., 2021). The turnover intention is 

likely to get reduced due to organizational commitment (Pratama et al., 2022). High OC 

creates high- involvement among employees (Schwarz, 2023). 

CONCEPT OF COMPENSATION 

Organizations provide compensation to their employees as a reward for performing different 

tasks within the organization. The compensation is linked to the measures of performance. 

Providing employees with necessary information should be a part of a firm's compensation 

design so as to encourage them to stay for a long time (Clinch, 1991). A number of variables 

are chosen from the literature already available. The following are the determinants of it. 

Basic Pay: It is a crucial resource for meeting the needs of the workforce. As a result, it is 

one of the hygiene elements influencing employee conduct at work (Boaden, 1997). 

Employee commitment is what drives organizational performance, and employee 

commitment comes when they are compensated adequately. One of the key elements in 

motivating employees and keeping them with the company is pay packages (Ngirande, 2014).  

Flexible pay: Bonuses are included in flexible pay, and because employees have the option 

to work in a flexible manner, they have a feeling of belonging at work. Due to the 

organizations’ fluctuating revenues, which may affect long-term commitment and 

remuneration, bonuses are more likely to be variable than fixed pay (Nakamura, 1998). 

According to Ahmad (2017), a reward system through a bonus offered to the manpower 

besides to a set salary. 

Merit-Based Pay: Merit-based compensation is a system that allows employees to get paid 

more based on their performance. Performance evaluation, communication, and involvement 

are its three essential components (Ahmad, 2017). A system of compensation based upon the 

merit encourages the personnel to concentrate for the accomplishment of task and improve 

the performance. 

FRAMEWORK 

Through the several elements of compensation, including basic pay, merit-based pay, and 

flexible pay, the framework focuses on organizational commitment. 

Rationale of the study: To emphasize the significance of a devoted workforce for 

organizational progress, several writers have performed studies on organizational 

commitment in a variety of sectors. However, distinct ideas from numerous studies have been 

included into the literature on organizational commitment. The researcher's goal in 

conducting this study is to make a sincere contribution in this area. Organizational 

commitment is made possible the payment of compensation including fixed salaries, flexible 

salaries, and merit-based salaries which is necessary for having a skilled staff. The variables 
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selected for this paper after reviewing prior literature provide insight into various 

compensating factors in relation to organizational commitment. 

 

PROPOSITIONS 

Proposition1: Basic wage and organizational commitment are positively correlated. 

According to (F.X.Mathaisel, 2003), workers were content with their pay. In this essay, it is 

suggested that basic wage and organizational commitment are related. Long-term retention is 

more likely to occur when workers are satisfied with their salaries. 

Proposition 2: There has been a positive relation between merit-based pay and 

organizational Commitment. 

It has to do with incentive programmes. It has an impact on the responsibility accounting 

framework's design structure.  According to J. Indjejikian (1999), incentives promote 

cooperative behaviour and teamwork. Cooperation improves the working atmosphere, which 

encourages employees to stick with the company. Consequently, it fosters a sense of loyalty 

among employees towards the company. 

Proposition 3: Perks and incentives that a business gives to an employee are linked to 

flexible compensation, as are organisational commitment and flexible pay. As a result, an 

employee may feel content, which motivates them to stay with the business. According to 

(Nakamura, 1991), bonuses are unique to a worker. When both employers and employees 

share in corporate profits, it is referred to as a profit-sharing system. 

CONCLUSION 

This paper focuses to provide conceptual model of organizational commitment in accordance 

with compensation in Indian Context. The factors effecting compensation includes merit-

based system, basic-pay and flexible pay have been chosen from the previous literature. 

Researcher has tried to figure out the positive relation between compensation and 

organizational commitment.  It is suggested that if employees are compensated well, they will 

remain with the organization for longer run. This might be useful for the organizations to 

have committed workforce in order to retain employees in their organization. 
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